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ANALYSIS THE PRECISION DIFFRACTION 
DETERMINATION STRUCTURAL PARAMETERS 
MOLECULES THE GAS PHASE 


Original article submitted May 1969 


The precision determination the geometric parameters the gas phase the 
appioximation and methods Formulas are derived for 
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Developments experimental techniques and theoretical principles have 
extended its potentialities recent years and have given objective whereby precise data 
the parameters complex molecules can obtained and rotation and oscillations euch mole- 
cules Workers engaged these problems devoted attention estimates the 


the mean value the experimental electron scattering intensity and its 
the precision values direct which can examined statistically (stability the dif- 
camera feed circuit, distance between the evaporator nozzle and the plate, with the precision 
imental determinations distribution and the the molecule 


Comments 


start with the expression for the component electron scattering intensity 


sin 


ere 


the scattering angle, the electron ate the charges the and j-th atoms, 
distance apart; the projection the root mean square vibration amplitude the nuclei the and j-th 
atoms the connecting them, 


assume that, accordance with corrections for electron the electron shells the atom 
are introduced into the experimental distribution scattering function 
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wave the intensity distribution denote the absolute and the 


(experimental associated with the approximate character the calculation with 
dence between the calculation and the diffraction pattern and inadequacy the theoretical 
approximation used 


this communication consider determination the structural parameters molecule caused 
experimental errors, assume that all the experimental errors gives rise types deviation the 
intensity from the tue distribution: random shifts the whole diffraction pattern without change 
the character the intensity and random local deviations AM(s) the individual the dif- 
fraction 

Random shifts the diffraction pattern whole are associated with measurement 
petiment, then the measurement circuit introduces certain the electron diffraction patterns are 
snd measured different times, there additional error which due the feed circult 
the electron-diffraction 


from the patterns crystalline standard, the error the sum and 
the inaccuracy determination with the crystalline The latter accuracy can found the 
simplified Bragg Vulf equation 


(4) 


andé the distance the standard photographic plate. 


With the aid (3) and (4), have the usual methods the theory 


Each point the diffraction pattern with the value the scattering angle the units 


The 9(x) used represent which tends with increase the number 
ments; here the mean square the mean value, the dispersion, and the 
ical expectation the measured quantity. 

evident that when found from electron-diffraction patterns crystalline standard certain systematic 
the determination molecular structure parameters introduced the inaccuracy the Bragg Vulf equa- 
tion (4) and data the interplanar spacings the crystal, not these errors, the 
assumption that the values for the standard are known with high accuracy and that appropriate cor- 
rections can introduced into Eq. (4). 
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where the distance between the evaporator nozzle and the D/2 the position the point 
the the diffraction pattern, follows from (6) that the the shift caused 


vapor stream during exposure, Without the theory this effect, may note that with 


assume further that the errors all the experimental values conform 
then have for the random shift 


Deviations the distribution individual regions the diffraction pattern are caused 
by: scattering electrons parts the evaporator and the sector device, inaccurate adjustment the sector, defects 
the photographic emulsion, errors microphotometric measurement and further analysis the electron-diffrac- 
tion patterns calculations intensity from blackening the emulsion), considerable 
these errors their local limitation the regions which the de- 
viates from the exact distribution, Therefore the the experimental distribu- 
tion 


differs from the exact the magnitude the wave 


The frequencies the complex converging periodic function Af(r) are determined the position the error 
the experimental Me(s) curve, andthe amplitudes, the magnitude the deviations With the ald the 
ptinciple the positive character the radial-distribution function possible correct considerable 


now estimate the displacement the extremals the experimental distribution due 
AM(s), which lead appearance the error wave (10) the curve, 


Since the function sAM(s) diminishes, replace the upper integration 
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the magnituce the standard deviation the wavei 


The function for calculation can found subtraction the theoretical radial- 
distribution curve calculated for the values found for the distances and vibration amplitudes from the ex- 
curve. 

The deviations AM(s) displace the (or minimum) the curve; the the dis- 
placement can estimated 


Approximating the form the extremals the expression 
(15) 
where and are constants the curve, and assuming that 
find the magnitude the displacement the extremal the error wave 
According (8) and (18), the total the k-th extremal 


Accuracy Determination Geometric Parameters Molecules the Gas Phase 
the Method Successive Approximation (Trial and Error) 


Suppose that, the result refinement successive approximation, final configuration given mole- 
cule had been found such that the theoretical curve gives the best agreement with the intensity 
evident that uncertainty the position each extremal the experimental diffraction pattern 
some degree uncertainty the parameters the found for the given molecule, the sen- 
different extremals the theoretical curve variations particular parameters the model 
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determination the configusatin the given molecule the method successive 


the usual methods the theory the absolute the selected model the 


From (1) found that 


Since small, the second term (21) may neglected. Putting 
have 
Analogously find 
Substituting (22) and (23) (20) and passing the standard have 


Here relative standard deviation the standard deviation the posttioa the k-th 
extremal 


Expression (24) can reduced more convenfent form means Bessel 


(25) 
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The form expression (25) leads the following 
Fos the simplest case (diatomic the accuracy the distance 


where proportionality factor, then the following trues 


now another specific source error determinations, which arises the method 
successive epproximations used. interpretation patterns complex molecules with 
tion, Therefore certain interatomic distances are assumed equal the distances known 
molecules. evident that these assumed values introduce additional Into the parameters 
determined successive approximation, Suppose that complex molecule, assumed differs 


from the true value From the obvious relationship 


follows that 


Ifthe values several parameters assumed the (28) naturally becomes 


> 


molecule contains distance with scattering power considera bly than all tho 


(28) 


Accuracy Determination Geometric Molecules the Gas Phase 
the Radial Distribution Method 
Effect Shift the Diffraction Pattern the the Maximum 


the f(r) Curve 


follows from that displacement the experimental Intensity distribution without 
achange the character the intensity distribution should correspond transformation the geometical 
place the points al! the peaks the curve certain valucs which can evidently estimat- 


Displacement the Maximum the Peak the f(r) Caused Locai 
Deviations AM(s) 

use the and Viervoll for the error the position the 
peak the curve the error wave the experimental According (5}, this 


Brinn = (r) (33) 


Suppose that the final model the given molecule has been chosen, Then the (10) can 
written the 


then bave 
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use Eq, (32) involves its simplification, estimate the the peak accordance 
with the function the form 


proportional the product the charges and the number nuclei and under 
tion. From (35) have 


For practical utilization (32) have know theroot mean square value the derivative the error wave (34), 
with Eq. (35) for the radial-distribution function and represent the form 


Af(r) (37) 


Since the function tends rapidly zero the region distance from the 
maximum the half width the corresponding average out Eq. (39) over the 


(40) 


Calculating (40) and putting value have 


Hence, using (36), find the standard deviation the distance attributable the wave, 


thus have expression which connects the distances with the 
the given 


Ths 


depends the nuclear charges and vibration amplitudes atams and distance tmn, the whole 
(42) also depends the magnitude the experimertally found region scattering constant 
fro.a the condition max Equation (42) for the magnitude the error the distance 
the error wave the experimental intensity coincides accuracy down the constant 
tor with the expression recently somewhat different method; the difference between the 
asthe root mean square thedifference between the experimental and theoretical 


The total determinations interatomic distances the method 


should noted that Eq. (44) applicable only absence overlapping the peaks the 
curve and cannot used the general case. consider that the methed suc- 
applicability. 


discussions. 
LITERATURE CITED 


Waser, mod. phys. 25, 671 (1953). 


249 


- 
; 
é 
i 
- 
e 
‘ 


EFFECT STRUCTURE THE THERMODYNAMIC PROPERTIES 
SOLUTIONS STRONG ELECTROLYTES 


Institute Electrochemistry, Academy USSR 

Translated from Zhurnal Vol. No. pp. 260-267, 

iginal article submitted December 30, 1960 


modified form the Guggenheim equation, containing correlation term and 
correction for water experimental data activity may 
one-parameter equation. Energies short-range interaction are estimated; for 
alkali chlorides these energies are negative and absolute magnitude with increasing 
Cation radius. aquecus electrolytes the energy short-range 
interaction changes when the distance closest approach the tons about 


between fons. was formally described means the Guggenheim equation 


‘co 


(1) 


where the free energy the solution; the free energy accordance with theory coefficient 

the distance between the the fons; the volume concentration. Our principal aim was 
the physical nature the function and correlate with solution structure. 


important for qualitative purposes, but becomes significant estimation values 
more, several effects (multiple fon collisions, changes the macroscopic dielectric constant, variations the amount 


introducing the concepts sphere and desolvation energy, and deriving the definition 
fon pair from these concepts, were able offer qualitative explanations for ceitain experimental data and 
effects. particular, experimental data the heats dilution alkali chloride solutions 
hydrogen and concentrated mixtures hydrogen peroxide with water were explained; was that 
deviations the Debye and theory, either sign, are possible was predicted that the less 
stable the structure pure solvent with respect temperature the greater the deviation between theoretical and 
dilution the existence correlation between the deviations between theory [1} and 
experiment and the magnitude the least approach the fons was predicted The solution model con- 
sidered finer detail this paper. 


Equation (1) contains two significant simplifications. First, the first approximation the theory [1] was 
used for Moreover, correlation was disregarded the second term. The simplification not especially 


Further- 


solvent, etc.) are ignored Eq. (1). these effects, the most significant from the quantitative standpoint 
the change the amount “free” solvent caused solvent the fons. This effect integral 
character principle. However, the solvent molecules long distances the same with 
equal charge. Individuality introduc only fons with nearest molecules, which 
influenced differences fonic Therefore important consider close-range interaction examining 
differences the solutions different salts. This effect can considered change the effective 


attempted Investigate the cause the the Debye and Hichel theory 

(1) from experimental was found that the main cause the deviation short-range interaction 


from the the Stokes and Robinson However, these equations the activity water, 
which complicates the calculations technically, therefore used the Glueckauf equation [9}, derived different 
considerations and different form, but numerical almost with those calculations based 
the Stokes and Robinson equation. With these refinements modified,and the expression from 

for activity the molalliy scale the fornn 


(3) 


The remaining symbols have usual meanings. 


Values the precxponential from and values and from were used for calculation 
means Eq. (4). Therefore the values which also enter the Debye term, and the coefficient the 
last term unknown Eq. (2). For determination can take definite reasonable value 
estimate from experimental case the estimation some extent arbitrary, the second 
method involves the tacit assumption that the equation used accurately describes the experimental data; this 
untrue because the character the formulas used (if only certain, though emall, 
effects are neglected). Apart from some cases (for example, when estimated from experimental 
data found appreciably smaller than the sum the crystallographic fon difficult 
assess which method leads the greater therefore preferred, before, assume the 
approximation that For weakly hydrated fons this probably corresponds reality. chis case only the 

which can found from experimental data, remains (2). 


Calculations this type were out for sodium, and 
tration curves calculated from the values found for By, The graphs show agreement 
culated and data Above this concentration agreement cannot expected, because the 
agreement moderate concentrations, this must the corresponding concentrations calculations 
that although the are considerably less moderate they Increase noticeably low 


The agreement between calculated and experimental data for LiCl, NaCl, and KCl can improved still 
further assumed that Since nothing known general about the value attempted 
estimate Evaluation from the fonic carried out Stokes and Robinson gave values 
greater than found for alkali halides, general, absolute calculation difficult 
the present time, Comparative calculations appear more promising. 


The increase the effective fonic comparison with the crystal solution due the presence 
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(in calculations experimental data were taken account the following 
concentrations; Curve 1.0 curve 0.1 M). 


adius fon proportional the energy interaction with the solvent molecules the layer nearest the 
and the probability entry solvent molecules into this layer. its turn, proportional 
the volume the spherical layer, one water molecule thick, adjacent the fon. Then, assuming that the 
teraction between the fon and the solvent this layer the type, have very 
approximation 


where proportionality factor, the crystal radius the and the radius solvent Since 
fons from changes the was found, agreement with experiment, that diminishes from 

cesium and from chloride fodide. Further, the fact that the case cesium chloride 
deviations between calculations based and experimental data not exceed the experimental error, and 
view the low degree hydration cesium and chloride fons, may assumed that aqueous solutions this 
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salt Hence can determine and calculate for other salts, For example, for chioride 
find Results calculations with this value are shown Fig. the agreement with 
data better than obtained with For comparison, the same graph shows curve found (2) 


Recalculations with accordance with Eq. (5) were not performed for two First, the proposed 
estimation the form the rather than calculation method. For practical 
application, this method requires substantial improvement. Second, will shown later, the choice has 
effect the main 


Values found experimentatiy are shown function Fig. this shows the minimum discovered 
with the aid the simplified Eq. The cause this can analyzed some extent 
means Eq. (2). 


may assume that Then Eq. (2) can used for finding 


Ve 
and 
where 
e ‘ 
(9) 
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expected, incteases smoothly with Because this and the nature the variation 
between the with increasing crystal radii, with decreasing energy hydration the free fons, 
which full agreement with the must emphasized that accordance with the theory 
the reverse should found. 


Similar calculations were also performed with the Hamed and data order find the extent 
which the assumptions which the calculation based (in particular, the choice influence the the 
those accepted this paper, diminish the CsCl series, which must accepted reason- 
able from the qualitative standpoint. However, the case their value for was less 0.46 than 
sum the crystal which and which indicates that their values and This be- 
cause the equation being approximate, cannot used basis for calculation Moreover, Hamed 
and Owen included experimental data for excessively high concentrations and the calculations. 


The calculations based data from are plotted Figs. and that does not have 
minimum, but the slope changes again the while the curve has inflection point. The 
curve for (Fig- have anextremal either, but has the region, and this persists 
calculated from Eq. (S) gives results those shown Fig. 


Calculation introduces certain crror calculations with Eq. (2), the quantities Eq. (4) are 
ently not known with accuracy. Glueckauf plotted against and against the entropy hydration 

experimental data with the equation type (2) without the last term. obtained linear plots 
both cases and this confirmation the validity his Similar plots for our values 
Figs. and These are also linear, but plot the point for far from the 
line, while fits satisfactorily the line, and the deviation the point for from the 
line appreciably less our case. However, think that the existence linear relationships criterion 
the validity the valucs found our values differ from the data (9) even sign,but the relation- 
ship neverthless cannot guaranteed that our are absolutely correct. However, 
the existence linear undoubtedly shows that crude errors which might have significant influence 
the final were introduced our calculations 


Thus, the three calculations (from Eq. (1) from Eq. (2), and from data leads 
the conclusion that definite changes accordance with the reasoning detailed earlier 

should noted that the diameter water molecule also close course, only one solvent considered 
there always the risk that random combination circumstances mistaken for regular relationship. However, 
something similar observed the case hydrogen 


From Eq. (1) easy expression for the integral heat dilution, which 
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Fig. Vatiations Ag, and 
symbols, see caption Fig. 


Fig. the average 

(8); abscissa corresponds 
(lower scale); abscissa 

scale); for other symbols, 
caption Fig. 


the Avogadro number, and the solution volume. easy show simple calculation that 
least tenth-powers than any the other terms parenthesesin (12), and greater 
tenth-power than the first two terms, Therefore the determined the last two The following 
values were found for for alkali chlorides hydrogen 


KCl 
K.i0-* 6,04 —0,324 2,72 3,06 
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the same time, and differ significantly structure These facts the view that 
the observed effects are with short-range the fon whole with the solvent molecules 
the nearest The truc state effairs can only 


The and indicate that the potential energy for metal chlorides 
theless, the last term Eq, (2) introduces which the activity coefficients. This because 
This its turn, requires low (in the algebraic sense) solvation the high 
(also the algebraic sense) energy solvation the free difference between these determines 
solvation energy the high enough the algebraic sense (small absolute magnitude) 
the case ofcesium chloride, and therefore for this For the salts considered this paper the average 
sociation solutions strong 
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DIBLECTRIC CONSTANTS AND STRUCTURAL CHARACTERISTICS 


Stalingrad Institut 

Original article submitted December 30, 1960 


The dependence the dielectric constants aqueous electrolyte solutions concentration, 
radii the dissolved electrolytes, and characteristics fon hydration was studied, attempt 
made explain the results the light concepts the structure water and aqueous 
electrolyte solutions, 


With the development methods for investigation matter now possible measure the 
dielectric constants (DC) polar liquids low viscosity frequencies close the characteristic frequencies 
the molecules these liquids (the region). Such also provide new 
for studying the structureof electrolyte 


known that hydration fons aqueous solutions changes the mobility (and 
fore ability undergo external electric field) the water molecules the fons, 
the mobility the molecules structural changes take place aqueous solutions 
under the influence the fonic field, leading displacen.ent the equilibrium between and 
structures and changes the solvent The close-packed structure corresponds the state water 
molecules contained the the ice-like structure The structure, where the molecules are 
linked directed hydrogen bonds, and the close-packed structure with molecules where the directed 
nature the bonds weaker, differ polarizability [1, considering polarizability necessary take 
into account the extensive redistribution the electron density the water molecules which undoubtedly accom- 
panies the formation {and cleavage) hydrogen bonds 


Direct measurements the polarizability aqueous electrolyte solutions fields 
vide additional information the nature hydrations cations and anfons dissolved electrolytes, make 
possible determine the effects concentration and temperature the relaxation time polarization, and throw 
light number associated with the structure aqueous electrolyte solutions, 


This paper contains the results measurements the aqueous and solutions 
The measurements were performed method [6,7], which fairly sensitive temperature and 
concentiation changes solutions, Thin-walled glass test tubes 0.5-0.7 internal diameter were used. The 
the measurements did not exceed 2,6%, 


Results the Measurements 


tration temperatures are given 1-6 and Table 


These results show that the magnitude and nature the changes the solutions depend considerable 
extent temperature, fonic and characteristics fon hydration the dissclved 


low temperatures (Figs. the values the solutions form the following sequences 
this case chloride solutions have higher than solutions, Aqueous solutions have the lowest 
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Fig. Variation with con- Fig. Variation with concentra- 


10°, 


the 5-20° temperature range the course the concentration relationship for and chlorides 
undergoes inversion 3-5). The point intersection the concentration curves for these tolutions 
found lower concentrations with increase For example, the point the (C) 
curves for aqueous NaCl and Nal solutions 4.3 concentration 6°, 3.8 10°, and approximately 
1.6 20°, Similar results are obtained for and solutions, The intersection the corres- 
ponds 2.5 10°,and 20° the curves coincide over the 0.05 -1.1 concentration range the 
differences are within the limits experimental error). 


Variations (associated with with concentration ate given Figs, 7-10 and Table 


The figures show that the values (sum the conductivity and relaxation losses) for 


sequence holds over the temperature tange studied, corresponds the low-frequency 
these 
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Fig. Variation with concentration Fig. Variation with concentration 
20°, 


Calculaticns the Relaxation Time 


The relaxation time and the static were calculated means the modified Debye 


and 


where the which combines electronic and atomic polarization, the static the 
time, and the frequency. 


The values accordance with Hasted and Saben [8), were taken 5.0 and 5.2 20°. Eq. 
(2), for calculation ofr only the dipole component the imaginary part the was used; this was calculated 
from the 


the low-frequency conductance the solution and the frequency the field, This approach 
necessary because for solutions consists two dielectric losses caused dipole relaxation 
molecules alternating fields, and the losses 20,/f, with conductance the solutions, 
Naturally, used Eqs, (1) and (2) for calculation ofr. 


For dilute solutions, may taken approximately equal for water However, the solution 
concentration increases, the effect tantamount formation new solvents with differing from 


With regard the applicability Eqs, (1) and (2) for calculation aqueous electrolyte solutions high 
10, 11, 12) there for introducing any corrections, 


? 
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The calculated relaxation times (with the relevant 
data) for different concentrations 
given Table 


Discussion Results 


centration 


40°, 


According (13), aqueous electrolyte solutions falls with increasing concentration because the 
fons the dissulved electrolyte penetrate Into the water structure end cause and polarization the 
nearest solvent molecules, Therefore the influence molecules considerably 
weakened,and polarization external solvent containing fons less than polarization the pure 


solvent. Therefore the the solution less than the the solvent and should decrease furth 


ing concentration. 


with Increas- 


Hasted, and Collie attempted calculate the change function concentration means 


= 28C, 
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are coefficients representing polarization the surrounding water volumes due the and negative fons 


These workers empirically found the following for aqueous solutions: 
and that cations bind (saturate with electric field) water molecules 
extent than anions. 


Figure represents model the mutual cations (a) and and with their nearest 
water molecules. The charge cation held more 11, the two negative charges 
water molecule the negative charge anion, which interacts mainly with one neighboring proton 
large ate present solution they with pairs protons water 11, 
this case the despite size, have stronger orientating and polarizing effect the surrounding water 
than smaller interacting with single nearest protons water follows 
that solutions containing large should have lower given solutions with 
This model appears give correct picture the cations and anions dissolved 
trolytes with water molecules, and agreement with our experimental results (with the exception 
low temperatures). 


already stated, low temperatures chlorides have than fodides, and the course changes for 
and chlorides was found undergo the range. These low-temperature results some 
modification the Hasted, and model described above. assumed that low temperatures 
low concentrations are incapable overcoming completely the hydrogen bonds the structure and 
causing (rotation) the molecules the coordination tetrahedrons water, then anions large 
and small radius interact only with single nearest positive charges water molecules. this hypothesis, 
radius must evidently saturate (bind) water molecules greater extent than large The same con- 
may reached from the results measurements aqucous electrolyte solutions carried out Carrelli 
and Della Caggia another method and different frequency range the cese dilute sol- 
utions room temperature they found that decreased with concentration, and the values for dif- 
ferent electrolyte were the following sequence: This result corresponds our 


higher temperatures and concentrations, when considerable numbers molecules are present the structure 
the orlentating effect large becomes greater, because under these conditions the molecules undergo 


more freely and interact with large the same extent both positive charges 
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that the bonds between water molecules and 
anions are typs the bonds between molecules 
concentrated solutions strong has been confirmed 


(16, 17} showed that addition concentration, 
Smoilov concluded that the structures aqueous electrolyte 
low temperatures probably remain similar the structure the 
ponents: the structure dilute that water, and that concentrated solution resembles 
the structure solid hydrate. Further, Danilov and Neimark showed experimentally that decrease 
ature restores the second maximum the curves for the scattering aqueous and NaCl sol- 
utions concentrations above This maximum characteristic fourfold coordination molecules the 


structure water, 


Fig. 11. Hydration 
and anions. 


The variation solutions the the observed inversion the course for fodides and 
chlorides that range (Figs. 3-5), and the displacement the intersection point (C) curves for fodides 
and chlorides toward lower concentrations increase temperature are consistent with the view put forward 
above that relatively low polarization surrounding water molecules large 


weakened. 


follows from the work and Stewart [19] that Increase concentration produces changes the 
solvent structure which are similar the changes taking place temperature (anions ate considered here). 
our case the temperature Increasing number laige anions interact with two protons the nearest 
molecules, thereby diminishing the solvent the external This results sharper decrease 
solutions containing large Since temperature and concentration increases act the same direction, 
weakening intermolecular bonding the solvent, natural expect that with increase temperature the point 
intersection the (C) curves for chloride and solutions would shifted toward lower concentrations. 
This example the “structural concept Bernal and Fowler 


Let consider more detail the character the concentration curves temperatures close 0°. These 
curves differ from the corresponding curves for higher temperatures lesser slope relative the abscissa axis and 
the absence decrease for and solutions the concentration range from 0.05 account 
for this result must take into account the relationship between the relaxation time and the half period the ex- 
temal alternating Calculation shows that field the given frequency (9400 the telaxation time 
temperature close greater than the half period the applied field. Under these conditions 
polarization not completed during one half has relatively low values. Addition fons, like increase 
temperature, shortens the relaxation time and thereby favors polarization the because polarization 
greater extent during one half the external 


The orientation effect the fon fields the neighboring molecules, which opposes polarization the solution 
may some cases almost completely compensated increased polarizability the remaining waier, less bonded 
fons. This occurs because more complete development polarization during one half the applied 
field, with corresponding decrease the relaxation such cases solutions may unchanged 
may even with the range higher temperatures the change relaxation time 
with increasing concentration less (the structure packed), and the effect the fon fields 
the surrounding water molecules predominates, causing corresponding decrease DC, 


Nal solutions occupies intermediate position) explained unequal changes the relaxation time due these 
electrolytes. The greatest change the relaxaticn time function concentration was found for and 
ently the large and fons change the relaxation time and the same time break down the solvent structure 
greater exteat than the relatively small Na*, and Neverthless, cations play the predominant role 
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Fig. Variation with Fig. 13. Variation with 


this process. Solutions containing differ very from the other investigated not only the 
magnitude the change the relaxation time but also the magnitude the diclectric losses (Figs. 7-10). Losses 
due dipole relaxation almost the same for all the studied, and decrease with increasing 
crease slowly (Figs. with concentration, passing through flat This maximum shifted 
toward higher concentrations with rise Evidently for suck solutions are comparable with the 

due conductivity and even exceed them Conversely, the considerable 

with concentration observed for and over the entire temperature tange studied probably 
attributable the higher conductivity due the when shiclding its the molecules 


hydration 
SUMMARY 


aqucous electrolyte solutions high concentrations are thon the and decrease 
with increasing concentration. 

The changes solutions with concentration and temperature differ for different aqueous electrolyte 
solutions and are determined extent the the ions (especially cations) the dissolved 
electrolytes and the nature their 

low temperatures solutions containing have than solutions containing large 
higher the the range the course variations for and chlorides 
undergoes inversion, accompanied shift the point intersection the respective curves lower con- 
centrations with rise 

Increase concentration, like tise shortens the relaxation time for solvent polarization 
solutions, 

Solutions containing potassium cations exhibit the greatest changes relaxation time with concentration and 
the greatest losses; this probably due the negative hydration these 


advice, 
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STRUCTURAL AQUEOUS SOLUTIONS 


from Zhurnal Vol, No, pp. 279- 
May-June,1961 

Original article submitted February 1961 


The fons translational motion nearest water molecules compated with the 
pressure, The concept structural pressure introduced. The structural pressure 
solution fons with positive hydration and with negative 
These changes are manifested the different stabilities number minerals the upper 
and lower zones the sedimentary layers the crust and the vertical hydrochemical 
Zonality subterranean 


The classic work Bernal and Fowler has had great influence the development theories 
the structure water and aqueous solutions, They considesed that many water and aqueous elec- 
trolyte solutions can satisfactorily explained the that water has internal structure with three 
forms molecular arrangement: with structure the ice type which relatively 
and which present certain amounts temperatures below 4°; water with structure the quartz type, 
dominant room and with close-packed structue, high temperatures over 
below tke critical point (374°). 


The state water, Bernal and Fowler, determined the between these three 
types structure. The shifts the direction Le., toward close packing, with tem- 
perature. According these authors, dilute aqueous solutions shift the equilibrium between structures 

and either the direction the close-packed structue (water the direction the ice 
structure (water their effects water are analogous Increase 


Bernal and Fowler examined the effects fons the structure water dilute solutions and put 
forward the concept the structural temperature This defined them the temperature which 
pure water has structure and properties dependent corresponding the structure and properties 
the fonic solution the structural which being Changes the structural temperature the 
have distinct influence viscosity, temperature maximum density, and number other 


may either raise lower the structural temperature soluticn accordance with Influence 
the According Bernal and which lower the structural temperature 


The existence equilibrium between three types structure water was notconfirmed subsequent 
investigations the modern theory (3), short-range order water corresponds tetrahedral ice 
structure, partially disordered thermal motion the molecules, This, according (3,4), accompanied 
filling the voids the structue, which with tise 


According aqueous solutions does not consist binding certain number 
water molecules each fon; consists primarily change, under the influence the the potential 
barriers separating neighboring equilibrium positions the water molecules. The translational motion (frequency 
activated transitions) water the solution nearest the fons alters and 
small univalent cations weaken the translational motion the nearest water molecules; large univalent fons 
sify The former case positive and the latter, negative hydration, Cations with hydration 
include and other multivalent fons, and lesser extent Negative hydration 
have positive hydration, 
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Thus, hydration change the mobility water molecules the fons, Since the mobility 
molecules changed with change temperature, evident that the concept structural temperature 
introduced end Fowler fully consistent with views the structure aqueous solution 
and hydration, and retains its significance, 


The concept structural temperature may extended problems with the influence 
the thermal particles solution, pressure the motion the particles 
the the liquid fairly dense, increase pressure weakens the translational motica 
One effect this the increase liquid with pressure, This type viscosity change observed 
all liquids, the case water, which ha. tetrahedral structure, increase pressure 
the molecules, since its open structure down under increased pressure, filling the volds with 
molecules increases, and the bonds between the molecules break down. Thisaccounts for the anomalous viscosity 
water; between and 20-30° its viscosity decreases steadily with was also shown that the 


tegards the molecules water solution which are the fons are their electrostatic fields, 
which, course, are the conditions their translational motion are such that increase 
pressure merely weakens their translational motion, its effect them the same the translational 
molecules most other liquids. increase pressure weakens ihe motion 
water molecules nearest the and, conversely, decrease extemal intensifies this motion, 


Comparison the effects external pressure and fons the translational motion water molecules nearest 
the ions solution shows that the effect fons with positive hydration these molecules similar the effect 
pressure, the translational motion weakened, whereas with negative have the same 
effect pressure and intensify 


thus have the concept structural pressure fonic solution, analogous the and Fowler concept 
structural The pressure determined the external pressure which the 
the potential barrier separating neighboring equilibrium positions water pure water and water mole- 
cules nearest the ions given ‘onic solution are equal, and the frequency the translations correspondingly 
the same both cases. This leads the conclusion that fons with positive hydration ralse the structural pressure 
solution whereas ions with negative hydration lower the confined translational motion 
structural temperature, and vice versa, 


The structural pressure may prove problems with the 
effects pressure the solubilities substances and fon aqueous solutions, Let 
the equilibrium between solid phase different and solution with these fons, accordance 
with the Chatelier principle, increase pressure should which lower the structural the 
dissolved, 


Geological data indicate that this precisely the state affairs under natural conditions. known that 
zones near the surface, carbonate andsulfate minerals and rocks have low stability and pass into solution fairly 
teadily, whereas deep zones the layer carbonates and sulfates ace very resistant the action 
subterranean waters. the same time, new formations carbonates (calcite, dolomite, ankerite, siderite) and 
sulfates (anhydrite, celestine, baryte) are common deep zones. 


The concept structural pressure provides explanation the well-known vertical hydrochemical 
zonality waters artesian wells, with replacement hydrocarbonate waters sulfate and 
chloride waters, and enrichment the latter with with increasing depth, This zonality corresponds 
increasing negative hydration the commonly present natural waters, the sequence 

given that under the influence gradient fons with negative hydration are displaced solution, 
accordance with the principle, the direction Increasing pressure. analogous tendency 
observed the distribution cations between hydrochemical zones accordance with decreasing positive hydration 
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the structural pressure the solution, The potassium fon has negative hydration, The low content this 
from the modern views the hydration solutions should noted the vertical hydroe 
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INVESTIGATION IONS CERTAIN AROMATIC 
COMPOUNDS THE BLECTRON PARAMAGNETIC METHOD 


Chemical Physics, Academy USSR 

Translated from Vol.2, No, pp. 282-292, 
May-June, 

Original article submitted March 1960 


The spectra aromatic anions were obtained and analyzed. benzene derivatives 
the unpaired electron density considerably less the para-carbon atom than the others, 
shown that electron transfer can occur not only along systems conjugated double also 

along chains single bonds and dibenzyl hetero- 
cycles can form stable anions, The relative stabilities different aromatic anfons were investigated, 
and the kinetics decay these was studied, 


Solutions alkali metals amines, and certain have been studied repeatedly because 
such solutions are being used media for reduction aromatic and unsaturated hydrocarbons and for 
many chemical When alkali metal dissolves and certain amines dis- 
These systems can therefore electron donors for aromatic and unsaturated compounds, Interaction 
compounds with electrons alkali metals leads formation radicals. now accepted 
that reduction aromatic hydrocarbons and certain amines presence metals and 
alcohols represented the following mechanism: 


Benzene thus reduced cyclohexane and cyclohexene. 


that the stage these reactions electron from the the monomer. Dainton 
teported the preparation polystyrene high molecular weight (mol.wt. 105) polymerization 
tetrahydrofuran and 2-dimethoxyethane presence dissolved potassium, 


The electron paramagnetic resonance spectra certain aromatic anions (naphthalene, diphenyl, benzene, 
toluene, dissolved tetrahydrofuran, and dioxane have been (5, 
However, the available literature data the structure and properties aromatic anions are inadequate and, will 
shown, some cases erroneous, 


The communication deals with study the EPR method the structure and properties certain 
organic and heterocyclic 


EXPERIMENTAL 


The selected solvent was 2-dimethoxyethane, which the most ether for preparation both 
polycyclic and monocyclic aromatic anfons, Wheteas solvents such astetrahydrofuranand dioxane canbe used with 
equal success for preparation naphthalene 2-dimethoxyethane more for preparation 
benzene, toluene, and xylene anions. The were prepared evacuated ampoules with capillary tubes for 
the EPR The concentrations the aromatic hydrocarbons were from 


and was published Dok!, SSSR 129, 1082 (1959). 


The metal was metallic potassium, benzenes, which are 
measured temperatures between and cold nitrogen was blown through the for this purpose, The 
mocouple the specimen the The spectrometer was used for all the measurements, 


RESULTS 


1.Structure Aromatic Anions 


Studies the EPR showed that concentrations below they have hyperfine 
structure (HFS) due the the electron with the magnetic monents the protons the 
(5, 7}. The mechanism this interaction was considered McConnell, who showed that hyperfine splitting 
due indirect Interaction electron the system with the bond, 


The simplest aromatic anion the benzene Fig. shows that consists seven hyperfine 
structure The intensity distribution the spectrum conforms binomial law, 
which evidence the interaction the unpaired electron with six equivalent protons, The distance 
betwen the components 3.75 oc. The splitting and the spin density the unpaired the 
ing carbon atom are connected the empirical relationship all the cabon atoms the benzene 
molecule are equivalent, the spin density the unpaired electron one carbon atom 0.16, which gives 
22.5 oc. This value will used subsequent calculations spin densities other anfons. 


also investigated monoalkyl benzene with the following substituents: 


Figure shows the spectrum the negative fon radical cumene. The spectrum five with 
between the components. The presence five components with distribution evidence the 
interaction the with four equivalent protons which, accordance with the structure the cumene 
molecule, are the hydrogen atoms the ortho and meta positions. accordance with the splitting, the 
density the unpaired the ortho and meta carbon atoms Splitting doublet may due either 
the proton the para position the proton the substituent. clarify this point, studied the spectrum 
which does not contain protons; additional splitting into doublet was observed. This 
suggests that the spectre the negative cumene and cyclohexylbenzene fons (the spectrum cyclohexylbenzene 


The EPR spectra toluene and were also studied. The spectrum toluene (Fig. 
sists five principal lines with distribution and splitting. Each line the quintuplet 
additionally split eight This splitting due interaction the unpaired electron with protons 
the methyl substit and with the proton the para position, The splitting the protons the methyl sub- 
stituent 1.5 oc, ana that due the proton para position 0.5 should noted that additional 
splitting the methyl group protons and the proton the para was The results obtained 
the present give more complete picture the spin density distribution the toluene The 
spectrum ethylbenzene can analogously the spectrum toluene. 


The presence five components the EPR specta these negative fons monosubstituted alkyl derivatives 
benzene Indicates that all these radicals the carbon atoms the ortho and meta positions The 
density the unpaired the carbon atom the substituent the same (or even higher than) the 
density the unpaired electron the ortho and mieta positions, The basis for this that the sum 
the spin densitics the ortho and meta positions considerably than unity, the same time was shown that 
there little splitting due protons the para position, This due the effect the alkyl 
substituent, which leads this spin density, 


The disubstituted benzene derivatives were ortho-,meta-, andpara-xylene, The spectrum p-xylene 
consists five lines, with and with splitting The spectrum the o-xylene 
consists seven HFS with binomial intensity distribution and splitting. This leads conclusion 
that the case o-xylene the HFS due six protons the methyl groups, The spectrum m-xylene more 
complex, indicating that both the protons the ring and the protons methyl substituents are involved the 
splitting. The authors (7) consider that the spectra and o-xylene fons five lines, and this, 
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Fig. EPR spectrum the 
benzene anion. 


oersteds 


Fig. EPR spectrum the 
cumene 


toluene anion, 


opinion, makes conclusive tha spectra difficult, Our tesult 
the gradual change the spectrum the sequence from and thea 

The benzene studied was the 
spectrum consists seven components with eplitting about which has 
simple explanation because this contains odd number equivalent 
tons, subsequent discussion this considerations will 
forward, 


attempted obtain the negative hexamethylbenzene fon, but 
mens showed that this not formedinany appreciable amounts under the 
conditions used, 


Dimesitylethane fons are not obtained amounts elther, These 
are evidently due the Increase the negative charge the benzene 
nucleus with Increase the number substituents, which diminishes the stability 
the corresponding 


The derivatives investigated were dimesitylene and p-ditolyl; the 


spectrum the former consists seven components and that the latter, 
13; the intensity distribution the spectrum the anion not binomial 
(Fig. 4). Analysis the spectra these based the distribution the 
unpaired electron the diphenyl anion, which, has been showa (9), 
the following scheme. 


This distribution spin density leads multiple splitting, superposition 
the lines, and breakdown the binomial law. Therefore the seven lines 
the spectrum the dimesitylene can probably assigned the six 
splitting observed the protons the other groups, 


The spectrum was analyzed the same principles, Assuming 
that the splitting the protons the methyl groups (4.6 oc) double the 
the protons {nthe ortho positions (2.3 relative the 
the intensities the individual components and the final breadth the lines 
impossible observe all the components, and evidently two components are 
missed each The remaining components would have the following 
The intensity distribution found from the spectrum the 
good agreement with the theoretical, 


Electron Transfer 


One probiem associated with the structure aromatic that 


electron transfer along chains conjugated and saturated bonds from one 


ting another, clarify this question, studied the spectra anions 

stilbene, azobenzene, azoxybenzene (anions with chains conjugated bonds 


2 


Analysis the spectrum indicates the possibility 
electron delocalization both along the benzene and along 
chains conjugated bonds; the spin density localized 
the carbon atoms the bridge 


conclusion total delocalization the electroa 
both the case antons with chains saturated 
complete breakdown conjugation the might 
expected, Figure (the spectrum the which 
analogous the spectrum the shows 
that the the diphenylmethane and each 
have nine principal lines with splitting and these 
Fig. EPR spectrum the can best explained their appearance with 

ortho and meta protons, the electron was localized one ring 
only, the spectrum would analogous the spectrum ethyl- 
and with 3.6 splitting. interesting note that 
the splitting the spectra alkyl-substituted benzene 
double the splitting the spectra diphenylmethane and 
benzyl anions, The electron exchange frequency the 
tings can also estimated from the magnitude the splitting 
the spectra and anions; this was 


oersteds 


anions certain heterocyclic compounds: 

selenophene, and these, only and quinoline gave paramagnetic anions with spectra 
having hyperfine Thus, the spectrum contains about which near the theoretical 
54, follows that thea, andy hydrogen atoms the pyridine anion aze not equivalent, and splitting 
occurs the The spectrum the quinoline anfou contains eight lines with 4.6 each 
line being split into with about splitting. This additional splitting evidently arlses the result 
interaction with the The lines might possibly assigned the seven remaining 
tails all the compounds and the spin densities calculated from the splitting values are summarized Table 


All the aromatic studied are divided into two groups: those stable temperature, and un- 
stable room temperature, which must investigated the range from 70°, The group includes 
berzene and its various derivatives, and the second polycyclic aromatic 


follows that the electron delocalization the stability aromatic anions, All 
this apparently indicates that the reaction the equilibrium shifted different extents 


this question, determined the effects temperature the the EPR signal for 
benzene, and p-xylene, 


The logarithm the magnitude the EPR signals benzene and toluene anions plotted against the 
tocal The heats reaction benzene and toluene with were calculated from the slopes 
the From the reaction equation 
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TABLE EPR Spectra Negative Aromatic Anion Radicals 


Splitting, 


Number 


principal 


radical 
lines 


4,0 
4,0 

3,6 

3,6 
3,8 
CH, 
2,3 
3,15 

2,5 
=, I, 


Additional splitting each the components, 
Splitting protons the para position, 


protons the meta position, 


tlonal 


Sum 


Same 


Not 
Odd spectrum 


Not Line superposition 


HFS seen background, 
extent 


Even 
resolution spectrum 


Same 


Singlet with line width between 
points background wide 
singlet (70 oc) 
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the equilibrium constant, Assuming and constant, found 2545 kcal/moie for benzene, 
p-xylene are stable than benzene and toluene anions; the concentration p-xylene close the 
sensitivity limit even 40°, All this makes accurate Jetermination for p-xylene difficult, According 
and the order magnitude for the constants benzene and toluene temperatures 
between 50°, Measurements the effects temperature the magnitude the EPR signals 
such naphthalene and stilbene showed that the conforms the 


for benzene and toluene anions: 
Benzene; toluene. Fig. Variations the magnitude the EPR signal 


with time during unfreezing. Benzene; 
toluene; p-xylene; points calculated from the 
equation for second-order 


The signals due various anions were measured under comparable conditions order the relative 
stabilities different aromatic anions, The signal due the benzene anion, with appropriate corrections for tem- 
differences, was taken the basis. The results these are given Table 


consider that these results characterize differences the electron affinities different aromatic hydro- 
carbons. feature the increase anion stability when one carbon atomin the benzene ring 
dicates that the possibility electron transfer from one the frequency 
also increases the stability the This not found for ions with longer bridges saturated bonds 
between the rings. 


Decomposition Kinetics Aromatic Anions 


attempt was made estimate the decomposition tates benzene, toluene, and p-xylene Ampoules 
containing the anions were frozen the temperature liquid nitrogen and then transferred rapidly the resonator; 
the spectrum the anion was then obtained This was 
ment during unfreezing the specimen. Temperature measurements inside the speciments showed that room 
temperature reached 8-10 minutes. Variations signal magnitude with time are plotted Fig. During the 
few minutes warming the signal height due the strong natrowing the the 
rises from the temperature liquid nitrogen the melting point and higher, The melting point quite distinct 
the curve for the benzene anion, where the plateau coincides well time with the melting point the 
seen Fig. that toluene and p-xylene anions within minutes, before the temperature has 
become This makes analysis the curves difficult. the benzeae much 

the end minutes may assume that further proceeds 20°, and the width the HFS com- 
ponents longer changes. Analysis the region the curve between and min shows that represented 
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TABLE Relative Strengths 


EPR Signals for Different Aromatic 
Hydrocarbons 


Signal 


10° 
10° 
Stilbene 
p-Terphenyl 


the signal strengths benzene and 
toluene anions are compared low temperatures, 
the signal the benzene stronger 
factor than that toluene. room tem- 
they are equal, owing the difference. 


oersteds 


Fig. EPR spectrum the p-xylene 


satisfactorily the equation for bimolecular 
time), and the constant for bimolecular reaction, 
Points calculated from this equation marked 
small squares, estimated the concentration 


known signal The 
the constant for the bimolecular reaction 


Radical 


was found the spectra cumene, cyclohexyl- 
benzene, and especially p-xylene that addition the 
4-6 components, seen which represents the 
spectrum the p-xylene anion. The intensity this 
signal low for cumene and cyclohexylbenzene 
and somewhat higher for p-xylene anions, attempted 
assign chis signal the 


and and 


However, final intcrpretation this spectrum not 
possible can only pointed out that the 
anomaly observed the spectrum mesitylene (odd 
spectrum) may with this effect Available 
literature data the basicities aromatic 
pounds indicate that basicity may vary over very wide 
that the basicity greater than the 
the corresponding hydrocarbon. 


SUMMARY 


benzenes the density the unpaired electron considerably less the carbon atom the 
pata position that the other carbon atoms, Additional splitting the protons the substituent and the 


protons the para position was discovered, 


Spectra anions different structures were obtained and analyzed, 


shown that electron transfer may occur not only along bridges conjugated bonds but also along 


compounds with nitrogen atoms the ring stable anions, 


The relative stabilities various aromatic hydrocarbons were investigated, 


shown that benzene anions decay accordance with bimolecular reaction with rate constant 


0.8 


277 


2 

. 

Anion 

P 

- 

P 

° 
4 . 

¥ 

| 

4 

: 


DeBoer, Chem. Phys. 25, 190 

10. Brown, Brady, Soc, 74, 3570 (1952), 
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SPECTRA IRRADIATED ACIDS 


and 


Institute Chemical Physics, Academy USSR 

Institute Chemical Kinetics and Combustion, Siberian Division, 
Academy Sciences, USSR 

Original article submitted April 29, 1960 


The EPR spectra dicarboxylic acids the general formula withn 2,... 
irradiateci fast electrons (1.6 Mev), were The EPR spectra recorded 
120° and while the specimens were room temperature. For interpre- 
tation the the nature the radicals, the EPR spectra 
single crystals acid and succinic acid the carboxyl group were also 
investigated. the radiation the radicals and gaseous products the radio- 
lysis succinic were Analysis the specira shows that starting 
the form the EPR spectra does not alter significantly. the spectrum doublet 

gas evolution shows that carboxyl groups are the first broken down 


the paper Gordy al. and our preceding paper attention was drawn the unusually low stabil- 
ity radicals oxalic Gordy suggested that oxalic acid results formation 
and fon radicals, and instability the possibility charge the substance owing 
the presence hydrogen bonds. There another possible explanation, based the hypothesis that 
tadicals are and migration free valences occurs transfer hydrogen atom (2). Our ob- 
showed that the more electron paramagnetic resonance (EPR) dicarboxylic acids 
the homologous beyond oxalic contain signals analogous the signal the oxalic acid spectrum. 
investigated the EPR spectra dicarboxylic acids order obtain data the nature the radicals these acids 


and conversion routes. 


The available data the EP2 spectra acids are fragmentary character. 
large number spectra carboxylic and hydroxy acids described However, the 
that paper the structure the radicals can hardly regarded unequivocal, McConnell 
which was for some time room was shown that the doublet observed under these conditions 
corresponds the radical Recently brief communication has appeared, reporting 
EPR spectra number dicarboxylic acids subjected x-ray According these authors the 


atom. 


cules all these acids are joined crystals into infinite chains hydrogen bonds 
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The following procedures were used for the EPR spectra, 


the ylelds the radicals and the products radiolysis, 


The specimens were electrons 1.6 Mev energy. The was calculated from the measured 
electron density. 


Measurements paramagnetic resonance were carried out the EPR apparatus with electron beam 
The frequency the EPR spectrometer was about 9400 The specuum was the form 
the first derivative. The specimens were tablets min diameter and about thick containing embedded 
copper some experiments single crystals succinic acid, severzi millimeters 


size, were also 


Special cells were used for collecting products. weighed sample acid (0.7 was put the 
diameter. The cell could cooled liquid The MKh-1302 mass spectrometer was 
used for analysis the gaseous radiolysis products, 


Academy Sciences, USSR). They were distilled under vacuum and recrystallized repeatedly from aqueous solution, 
Malonic was prepared the Department Organic Moscow State University (it was purified 
recrystallization from aqueous before the 


Figures end show the EPR spectra various dicarboxylic acids 130° and after unfreezing the 
specimens room temperature. The radiation dose was Mrad all cases. The specimens were unfrozen ina 
minutes. Repeated freezing the specimen does not alter the form the spectrum observed temperature. 
follows that unfreezing results change the radical structure. radical concentration fell only 
slightly during unfreezing room 


The low-temperature EPR spectrum acid consists three with resolution, showing signs 
additional structure (Fig: a). The distance between the end lines about The structure the 
with intensity ratio the outer components which are superposed the doublet components. 
When the temperature toom the becomes more complex, but the lines observed the low 
temperature remain the spectrum (Fig. b). When specimen heated 80° doublet with splitting 
ptedominates the spectrum (Fig. the extent the splitting this doublet corresponds the 
irradiated single crystal after aging, which was assigned the radical 


Comparison the spectra for the series acids the same temperature shows that starting with that 
form the spectra changes low all the are doublets with splitting between and 
(in the case succinic acid each component the doublet split two lines). every 
spectrum contains two doublets and singlet line g-factor The distance between the components the 
outer doublet varies the 78-90 range, and between the components the inner doublet, the 40-45 range. 
The observed resemblance between the spectra the acids with means that virtually radicals 
are formed rupture bonds the hydrocarbon chain away from carboxyl group dicarboxylic acids, 
otherwise the spectra would become more complex with particular, formation such radicals, 
which would structure radicals the alxyl type, would lead the appearance lines beyond the 
limits the componens the spectra 80-100 However, such lines are observed, 


Despite this similarity the specua, the details the hyperfine structure undergo certain changes the acid 
series. particular, irteresting note that the character the hyperfine structure exhibits periodic variation 
foom temperature. The relative intensity the central component higher for the even for the odd members 
the inthe even the all the doublet component are roughly the same 
whereas the odd the the components the doublet greater than the This 
difference between the spectra diminishes with Similar regular variations the character the hyperfine 
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100 
room temperature; after heating 


100 oersteds 
Fig. EPR spectra succinic acid 130° and 
after unfreezing room tempetature 
structure were observed the EPR spectra irradiated frozen alkanes These variations are analogous 


the observed differences physicochemical characteristics (melting solubility, odd and even 
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The spectra were greater detail the case succinic acid(n 2). Figure shows the EPR 
spectra succinic acid and irradiated succiaic acid deuterated the carboxyl group. Comparison 
the spectra and shows that the presence the carboxyl group Im- 
proves resolution the structure but not alter the positions the components the spectrum. follows that 
hydrogen the not involved the observed hyperfine splitting, but merely broadens the hyperfine 
structure Components, 


For analysis the spectrum succinic acid room temperature followed changes the structure the 
the specimen was heated higher temperatures, was found that the rises the 
the component diminishes more rapidly than that the doublets. The doublet begin 
about 120°, and the intensities all four are weakened approximately the same This 
indicates that all tie four lines should probably assigned the same radical The single central line 
probably due some other radical 


The resolution the structure the spectrum succinic acid low temperature not good enough 
single crystal, which gave better resolution the spectrum structure. The form the EPR spectrum single 
crystal depends its orientation the magnetic field. chose the giving the simplest 
spectral Comparison Figs. and that the structure components the spectrum 
the single crystal and the spectrum polycrystalline specimen are but the former are 


Figure shows how the spectrum alters when single crystal unfrozen from 130° room 
The temperature the specimen was not recorded during the Spectra and c,recorded during the un- 
freezing, are asymmetric; this probably caused change the form the spectrum during the recording 
0.5 min). seen that the intensities the 1-1 and 3-3 diminish approximately the 
same extent during the while ihe the 2-2 components diminishes accordance with some 
other law. Therefore may suggested that low temperatures the spectrum determined mainly two 
cne which (III) gives doublet with the 2-2 components, and the other (IV), quadruplet with the 1-1 and 3-3 
The distances between the components quadruplet are equal (about oc), but the ratio the 
component Intensities apparently does not conform the theoretical law for three equivalent protons, 
Therefore analysis the low-temperature spectrum the single crystal cannot regarded final, 


Data the analysis the EPR spectrum succinic acid are summarized Table 


For identification the radicals, also correlated data the composition and the radio- 
lysis products with data the kinetics radical accumulation, Curves representing accumulation radicals 


~ 
~ 


Structure 
spectrum 


Splitting® 


Measured for polycrystalline specimens 
(COOH), and 


the irradiation cell, 


such the 


Fig. Changes the EPR spectrum during unfreezing single 


succinic acid were determined 130° and room 
ature, characteristic feature the radical 
accumulation the deviation from law, with 
tion® the concentration curves relatively small 
doses, The concentrations the radicals were reached 
doses some tens Mrad, and were few units 
icals per gram. Another feature radical accumulation 

the change the relative intensities the lines the EPR 
specttum during which indicates that different rad- 
icals are accumulated with different kinetic laws, 
Table shows the radiation radicals succinic acid, 
determined experiments, The values were calculated 
from the initial linear regions the curves, The values 
for temperatures may somewhat too low owing 
tion the EPR signals, 


The radiation ylelds gaseous radiolysis products succinic acid are given Table 


When the specimens were liquid nitrogen, the were performed after unfreezing 


Because heating the beam, the temperature the specimen during could 10-20° 
higher than the temperature absence irradiation, performed with different doses, 
showed that liberation gaseous products proportional the dose, addition products, 
amounts water were. formed during radiolysis; the water was deposited the form small droplets the sides 


Comparison the data Tables and leads the that the radicals and CO, are 
same order magnitude, and are much higher than the and Hg. 


From these results certain preliminary conclusions can about the mechanism radiolysis 
acids and the structure the radicals formed, The predominance (and, apparently, water) and the 
almost total absence hydrogen the products radiolysis acid show that the carboxyl groups the 
molecules are the undergo decomposition, Since the radical close the highly prob- 
able that CO, liberation and radical formation occur the same step, This process can represented scheme 
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TABLE 

Radical 


TABLE 


2,6 
3,3 


The CO, and H,O molecules are between the radicals and prevent their recombination. However, the 

CH, formed accordance with this scheme account for the even 
free valence) each these radicals not hyperfine splitting the spectrum, assumption 
(provided that the hydrogen atoms involved the hyperfine are equivalent); this consistent 
with the situation observed low temperatures. The suggested scheme possible predict, agreement 
with experimental data, that the hydrogen which passes the H,O molecule not 
splitting. 

extend this scheme other dicarboxylic acids, can predict that the higher members the 
should give similar spectra, because only aad can make substantial contributions 
splitting. the other hand, the case malonic acid the situation should altered significantly, owing 
formation the which the unpaired electron can only with two The 
spectrum this radical should triplet, and the total splitting the should probably about 


The changes observed EPR spectra during unfreezing are consequences conversion the original 
into more stable ones. was shown the stable radical malonic acid seems 
likely that the doubie doublet observed the spectra tha higher acids room temperature due radical 


between the unpaired electron the p-orbit and the electrons the double bond. 


almost entirely free interaction, and the possibility delocalization the electron over two 
oxygen atoms may ensure high stability 


The views put above provide satisfactory explanation the with certain 
assumptions concerning the structure the radicals. However, the foregoing does not completely exclude other 
possible radiolysis For example, and H,O may formed the result secondary radical reactions and 
not the primary step chemical the hand, possible that liberation CO, not 
with formation radicals, and that the similarity the radiation merely coincidence. Not enough data 

ate available this time justify the conclusion that the above views the mechanism radiolysis the 


discussion the magnitude hypesfine splitting ata-and -hydrogens organic radicals can found, for 

After our paper had been submitted for publication, paper was published Heller, Chem. 
Phys. 32, 1535 containing detailed analysis the spectrum radical this type irradiated single 
crystals succinic 


structure the formed ate conclusively 


the 
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6.8, PHASES THE VANADIUM OXYGEN SYSTEM 


Institute Chemistry, Branch, Academy Sciences USSR, Sverdlovsk 
May 

Original article May 13, 1960 


Analysis and data shows that the system contains solid 
solution oxygen vanadium and and& phases. The existence and phases the 

system not confirmed. shown tha the phase (similar TiO structure) has dual de- 
concentration range (VO within which the changes lattice constants 


ate very 


INTRODUCTION 


view the extension the uses vanadium and {ts alloys and compounds during recent years, 
the structural characteristics its oxides has increased considerably. Special attention devoted the lowcr ox- 
which play important part the production metallic vanadium and its oxidation. 


According detailed review (1) research prior 1956, the system contains two oxides variable 
composition. One these (the phase) homogenous the concentration range whereas 
the second (the phase the terminology has lattice the sodium chloride type and stable over very 


Very interesting data are contained the paper Gurevich and Ormont [1) the structure lower vanadium 
oxides. First, the authors found that, despite findings, within the homogeneity range the size the 
cell does not vary uniformly with composition but undergoes very (by approximately 0.05 kX). They 
concluded from this that the system contains two lower-ox One these, the phase, stable 
the natrow concentration range 0.1), which the lattice constant changes from 
4.01 4.03 kX, The other phase, phase, has wide region, from Its lattice 
constant (lattice the type) increases 4.08 4.13 with increasing oxygen content, addition, the 
existence yet another phase phase) was postulated from the anomalous the Intensities 
the x-ray maxima (indexed the basis the lattice type), According this phase has 
body-centered cubic lattice and stable between and important note that did not succeed 
obtaining this the pure state; always coexisted with small amount the phase, the 200, 
220, and 222 lines the latter coincided exactly with the 110, 200, and 211 the phase, 


The existence two lower-oxide phases the system was recently confirmed Tolkachev, and 
Kozhina Both phases have lattice the NaCl type, and the lattice constant depends concentration 
both. The constant the phase stable between and varies from 4.016 kX; 
the second phase stable between and und the lattice constant increases from 4.074 
(at al. did the existence body-centered phase and attempted attribute the lack 
and Ativa and Morozova 


These discrepancies, the considerable differences between data the constants the lattice, and 
the lack information the structural these varlable-composition phases prompted 
investigation properttes, Moreover, data were needed account for the existence the wide 
vanadium oxycarbides (5) and determine the precise mechanism the oxidation 
vanadium (6). 
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Starting and Investigation Methods 


oxides different were prepared from metallic the pentoxide 
grade) and the The latter was prepared pentoxide stream dry 
oxygen for hours slowly temperature (from 600 900°), The composition the 
ponded the formula 


The vanadium® used was made reduction with was plastic and pure, lattice was 
close 3.020 kX, Indicating the pretence 0.04 atomic The density the original 
vanadium was 6,09 Fine shavings the metal were hydrogenated (at 800°), 
mortar, and evacuated for hours 900°, 


The x-ray patternsof vanadium hydride were indexed conclusively tetragonal lattice with 


Vanadium oxide different compositions prepared high-temperature sintering briquetted 
mixtures, The starting were mixed the necessary proportions; the mixture was ground thoroughly 
agate mortar and molded into briquets diameter and.12 long (under These 
were fired furnace, first 1200° than 1400° for 60-76 During the 
mens were powdered after hours sintering and then made into order renew the 
surfaces. Samples for x-ray Investigations were taken during the (at 15-20 hours), Constant phase 
compostion and unit cell parameters wete taken equilibrium. 


The x-ray phase was out with and cameras the RPK (57.3 
and VRS (143,3 diameter) The lattice constants were from the patterns taken 
with chromium VRS cameras, 


The densities the oxides were the pycnometer method with kerosene tetrachloride, 
Before the determinations the specimens were ground, samples the were covered with 
the liquid under and the liquid was then brought the stopper bevel (after has been admitted 
the system). number cases, ensure better wetting, the system was left for 1-2 days before the final filling, 
Estimates the experimental accuracy showed that the density determinations did not exceed 


Polished sections ploarized light means the microscope, 


The microhardness the phase components was detremined, usual, with the the 
thermo-emf the specimens (relative copper) was measured with 100° difference (20- 
with the apparatus described 


Experimental Data and Discussion 


Seventeen oxide samples from 14.04 34.13% oxygen were prepared described above. The results 
x-ray investigations these samples ate given Table 


TABLE the Lattice Constant the with Composition 


stant 


05 > 4,064+40,002 VO; 55 V,0, 


Kindly supplied Polyakov, whom offer our thanks, 
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The specimen composition consisted single phase and contained only the tetragonal body 
phase, the cubic phase was detected (with constant 4,016 kX), Repeated vacuum annealing did not 
the phase composition the specimens the lattice constants, case the was present 
with the the phase, described were found, This possibly because Gurevich and 
Ormont discovered the oxide specimens carbon addition vanadium and oxygen, 

other words, the phase possibly exists the ternary system than the system, 


was further found, satisfactory agreement with 
data, that the phase stable over fairly extensive 
centration range, The data Table Indicate that the 
stability range the lower vanadium oxide (Fig. confirms that they 
very good agreement with the data 1.27) and differ 


was special interest determine whether the phase, 
which has, according cubic lattice, can exist, 
because oxides the type (1,2 1.4) such structure 
are known. Further, view the geometrical stability 
structures with different coordination can shown that 
this case the lattice should have coordination (the NaCl 
type). Finaily, already noted, the specimens con- 
taining the and phases simultaneously were indexed the basis 
the type The data [1] indicate that some our 
Fig. Variation the lattice only. This was not found the case, the specimens were 
stant the phase with annealed for hours stabilize the system, 


the same time, known that equilibrium reached quite the system, especially 
specimens with fairly high oxygen 


Analysis the patterns showed that the experimental data can satisfactorily interpreted with the 
assumption that only one phase the NaCl type present such specimens, However, becomes necessary 
explain the anomalous relationship between the line intensities, which Gurevich and Ormont drew 
For example, found that calculated intensities different lines (with the assumption that the system the 
single-phase type, and that the phase present) differ from the experimental values patterns obtained 
with chromium radiation, For example: 


was pointed out earlier, because this result such specimens were two-phase systems 
consisting mainly cubic phase with small amount cubic face-centered phase, However, 
patterns obtained with copper refute this interpretation and leave doubt that only the phase 
Analysis these patterns and show that the measured and calculated relative intensities are 
similar: 


Accordingly, the suggestion (2) that the anomalous line ratio reported and Ormont due 
impurities correct explanation that the anomaly due the proximity the absorption 
edge vanadium and chromium. the selection the atomic factor vanadium this case necessary 
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spply the corrections which are Accordingly, the the expression 
This effect considerably with increase content and vistually nonexistent 
tion from oxides oxycarbides tesait, because the atomic carbon somewhat less 
that 

should noted that the the formation cubic body-centered phase cannot 
with the results determinations this phase was formed, the density specimens the 
tange should have densities fact the density g/cc, which indicates that the does 


not contain the 


more systematic correlation and pycnometric results for precise determinatio the 
structural characteristic the This demonstrated, particular, the data Mathewson al. who 
found that the experimental density (5.5 g/cc) approximately less than the x-ray density (6.5 
observations are teported elsewhere 12}. Cur also confirm that the actual 
sity the phase considerably less than the calculated over the entire range. agreement with 
the views put forward others 12), this suggests that the phase has defect this respect 
the number vanadium atoms and oxygen atoms the unit cell, and the hole concentration (in 
from experimental data the constants and Calculated values the density found from the 
and the volume the unit cell), given Table show that the phase has high dualdefectiveness. oxygen- 
specimens the number the vanadium sublattice fairly high (about 21%), whereas the oxygea 
oxygen deficiency teaches 26%, and the vanadium about 


TABLE Calculation the Phase 


num- 


Com- vanadium oxygen centration, 
e = els - 


5,78 6,43 3,48 2,95 19,6 
6,58 5,63 3,45 2,93 20,2 
5,58 6,69 3,38 3,33 
6,33 5,55 6,85 3,34 
5,40 3,25 3,61 14,8 
5,42 5,30 7,40 3,18 3,92 41,3 
7,07 3,14 3,93 11,6 
5,32 7,01 3,12 3,89 41,2 
5,32 7,07 3,14 3,93 


Densities are calculated with the following assumptions: 

defects are present the cation 


should noted are superstructure lines the x-ray patters the for any the 
Therefore the distribution defects can regarded statistical; this respect also 
differs from such compounds The latter, has been noted has lattice the 
type, with only three atoms each and oxygen the unit cell, with the ordered 
possible that this precisely the reason why oxygen atoms are not replaced carbon tne 
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homogeneity regions Finally, the high the lattice and the arrangement the 
holes indicate that the mobility the particles high, that the system 


Some data the the phase were obtained the result microscopic 
First, was found that forms very brittle crystals, the which can determined only undes 
the minimum (50 the grains crack the load Increased), was further found that the hardness vanadium 
monoxide high and with composition; 


Finally, examination the specimens polarized light revealed weak but distinctly reproducible optical an- 
which increases with the oxygen content, Therefore the cubic lattice the phase somewhat 
distorted (for example, with tetragonal distortion), thin film higher oxides (which have 
order symmetry than cubic) ‘is formed preparation the Careful analysis the patterns 
did not fonfirm distortion the cubic lattice, The lines were neither split nor diffuse (with the use RPK and 
VRS cameras). Graphical extrapolation the experimental data the method Bradley and Jay leads the 
same conclusion. this method the lattice constants calculated from different diffraction maxima ate plotted 
against Extrapolation gives the true lattice constant; therefore scattering the ex- 
points lattice distortions, Figuie shows satisfactory relationships between and 
for samples differing composition; this indicates the absence any distortions the cubic 
therefore possible that the optical anisotropy caused surface effects which develop during 
the must noted, however, that was observed the same both freshly pre- 
pated specimens and which had been kept for some Therefore this effect cannot explained 
with certainty aad further investigation 


degree 


emf the phase with composition, 


The dual defectiveness the lattice prompted interest the effect composition the 
electric the specimens. Measurements showed (Fig. that the integral thermo-emf (relative 
increases tegularly with the oxygen content. The thermo-emf passes through zero near the composition 
which, according the lattice constant changes abruptly. other words, the sign the thermo-emf 
suggests that the nature the predominant carriers current alters with the oxide composition, Electronic conduction 
predominates specimeas vanadium electron donors), whereas hole conduction predominant 
specimens rich oxygen (acceptor atoms). its properties analogous typical fonic 
semiconductors accordingly undoubted interest study other electrical characteristics vanadium ox- 
ides (electrical conductivity, Hall whereby the concentration and mobility the could assessed, 


However, Table shows, x-tay analysis clearly reveals the presence vanadium monoxide together with 
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VO, 


11. 
13. 


14, 
15. 
16. 
17. 
18. 


20. 


the phase the specimen the composition VO, the other hand, x-tay phase analysis specimen 
with the composition noticeable reflections both and Accerdingly can say, 
ment with that vanad.um stable over composition tange 
According data, the lattice constants unchanged the stability 
differences between the constants, For precision, patterns for both specimens were obtained 
than the constants for specimens excess vanadium, 
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COVALENT ATOMIC BONDING 


Institute Inorganic Chemistry, Division, Academy 

Sciences USSR, 

Kurnakov Institute General and Inorganic Chemistry, 

Academy Sciences, USSR 

May-June, 1961 

Original submitted August 1961 


Covalent multiple-bond radii metallic atoms (based x-ray structural data) have been 
The relationship between valence and coordination number multiple formation 
shown that bond has more influence interatomic distances multiple bonding than 
with single bonds, 


Multiple Bonds 


Cases bond formation between atoms are well known The tendency form 
such bonds especially pronounced nonmetallic elements the second period and the subsequent 
1940 Pauling suggested that although multiple bond formation mainly characteristic nonmetals, 
atoms metals can form not only single but also multiple covalent bonds utilizing the electrons and 
orbitals the penultimate shell However, lack experimental data made verification this hypothesis 
sible. 

1954 Jaffe considered the symmetry and direction the orbitals and the overlapping, and 
calculated the ovetlapping integrals for the corresponding molecular showed that conclusions 
concerning the formation bonds with orbitals taken into account not definite, there doubt 
the significant role bonds due orbitals, However, interatomic distances can provide direct proof 
the existence multiple bonding. 


Covalent Radii (A) with Single and Multiple Bonds 


0,9%, Triple 
Triple 
Triple 


superscript figure the left the value for the radius the formal valence, 
and the figure parentheses the right the coordination number the metal 
pound for which the radius was calculated, The for Si, Ge, Sn, and were 
calculated theoretically 
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presence bond between atoms the corresponding distances are considerably 
were for analogous tables covalent radii with single bonds These tabies 

values given the table, which two ate Multiple-bond for nonmetals and 
metals have been recalculated from expetimental data, the existing tables (see, for 
out date, All the multiple bond for metals are calculated for the the data 
for these calculations were detived mainly from the results x-tay investigations the corresponding 
pounds, The values given the table were obtained subtracticn the oxygen multiple-bond 
from values the distances, Data were used from the following publications; 


Multiple bond formation the especially characteristic with linear, 
coordination (NO*, CO, so; has been pointed out writers 
(1, 34, consider the metals and notice the far-reaching analogy the nonmetals 
the same groups. metals also form characteristic tetrahedral complexes with very shortened bonds 
(16) are analogs linear groups light elements with bonds, However, this case formation 

compounds with linear local here owing the large number free electrons heavy- 

metal atoms. The number metal compounds with multiple bonds which have been investigated increases from day 
day, these compounds attract the both experimental and theoretical 


Multiple Bonding and Vatence 


survey the structure chemical compounds metals with univalent nonmetals shows that each metal 
consecutively replaced the next the period there tendency for the bond character change from 
fonic covalent Whereas the case fonic bonding the coordination number the metal determined 
the ratio the covalent bonding determined the corresponding hybridization, the valence 
has determined the formation directed covalent bonds, Further increase valence leads 
accuinulation the bond the coordination characteristic the metal, Le., formation 
metal ligand multiple follows formation multiple should most characteristic for 
pounds which exhibit high valences, 


Since the formation mult{ple bonds physicochemical subdivide come 
plex compounds two large groups: ordinary complex compounds, and complex compounds with multiple bonds 
general, the relationship between and aumber conforms simple rule, The formal 
complex-forming less than the coordination number ordinary complex compounds, the other hand, 
compounds with multiple bonds the formal valence the central equal greater than {ts 
number, from this point view complex compounds which have been structurally 
and found double bonds, Most them conform this rule, uranyl compounds 
from numerous structural that the bonds the group are multiple bonds, uranyl compounds 
the number ligands surrounding the uranyl group varies from compound compound; this that the bonds 
are character, refer the coordinaticn number with known bonding, must taken 
two for uranyl compounds, which then conform the above rule, 


Effect lonicity Multiple Bonding 


usually stressed relation compounds with covalent bonds that there transition 
homopolar heteropolar bonding. bond the type represented heteropolar bond 
with polarization (distortion the anion electron shells the field the positive fon) taken account, 
homopolar bond with correction for bend crystal chemistry the bond character correlated 
with changes interatomic distance, However, the sums the covalent often (within the limits 
experimental error) with the sums Therefore, general impossible the meth- 
ods structure analysis the degree deviation from one the other bond type, The quite 
ferent with compounds multiple bonds, where the covalent radius considerably 
Jess than the radius, such cases the distances are much more sensitive due 


293 


. 
- 
. 
a 
| 
4 
3 
: 
° 
- 
Mey 
‘ 
& 
- 


alte character the bond than the with ordinary compounds, Therefore, 
usual covalent not additive pass from one compound another, the from 
agreement between U-O distance the group different compounds, Ths following 


the ionic multiple bord double that single bond. This means that electrons 
are more mobile than those single bonds, the fonicity the bond the group 
greater the presence compounds containing bonds only. other words, the 
eftective electrongativity uranium varies from compound 


Changes the distance the uranyl group can also interpreted the light the covalent bond theory, 
was done Dyatkina al. their view, the unshared from oxygen add- 


tors interatomic distances. Therefore the values the given this paper probably not 
purely double many instances the multiple bond may complicated these additional effects, 
Neverthless hope that the multiple-bond metal radii, even this form, may facilitate the use these data 
theoretical chemistry, course, the table given this paper may improved the 
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STERIC HINDRANCES AND CONFORMATION MOLECULES 


COMMUNICATION CRYSTAL STRUCTURE 


Institute Compounds, Academy USSR 

Original article submitted October 24, 1960 


Factors determining the conformation both vapor end crystal form 
are considered. The crystal hexachlorobenzene was and was found that the 
mation equilibrium intermolecular distances crystals, based representing the 
action energy atoms without valence bonding and the calculated lattice 
The equilibrium distances were found depend distinctly the direction relative the molecular 
plane. The lattice energies the real hexachlorobenzene structure and hypothetical structure 
with nonplanzr molecules were calculated. Values the force constant for removal the 
bond from the the benzene ting, with which the hexachlorobenzene molecule must 
crystal and vapor form, were calculated, 


This paper continuation our series structural investigations the conformation 
substituted benzenes with considerable steric particular, hexasubstituted benzene derivatives, 
was shown the previous communication that molecules and tetrabromo-o-xylene 
planar crystals, despite cousiderable steric hindrances between the was therefore 
tefine the crystal structure hexachlorobenzene, the literature the conformation this molecule 
contradictory. 


INTRODUCTION 


model the hexachlorobenzene would considerably shorter than the 
distance 3.6 corresponding van der Waals other symmetrical hexasubstituted 
benzenes, these steric hindrances can diminished only the substitucnts are taken out the ring plane alternately 
upward aad downward, This would make their arrangement similar the the carbon atoms the 
chair the cyclohexane nuclevs (Fig. 1). leaving the plane the substituents can principle take 
atoms the nucleus with them, that the benzene aucleus ceases planar and assumes the chair 
conformation. Evidently the displacements the carbon atom from the mean plane the molecule must 
less than the displacement the substituents, that the CCC valence angle may less than, but close to, 


Thus, molecule hexasubstituted benzene,loss planarity advantageous for decreasing 
hindrances, but distortion the normal valence angles this expressed 
between steric hindrance and deformation valence For.the teal conformation, the 
ponding part the potential energy the molecule must minimum: 


since and may terms Here V(R) the energy interaction between atoms without valence 
bonding (energy which depends the distance between them, and U(w) the deforma- 
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tion energy the valence accordance 
with the form these given molecule 
which show that distortion the vale 
ence angles amount energy the 
molecule 


Experimental data the conformation the 
hexachlorobenzene molecule are 

cule planar crystals; however, investigation 
contains crude errors which will discussed below, 
vapor form, carried out Bastiansen and Hassel 
(4), indicates that the molecule 
from the plane the benzene nucleus 
This value was evidently determined 
accurately, because according the same 
the deviation from planarity the 
benzene molecule the same magnitude, 
fansen and Hassel rejected earlier result and 


Fig. Relationship between the spatial interaction energy stated that according mote precise 
(z) and valence angle distortion (z) the conform- diffraction determinations the molecute 
part the energy the molecule): left the vapor state 
arity coplanarity All the infrared spectroscopic data crystal- 
line and solutions the 2-15 region 
may the basis planar hexagonal molecular model the other hand, the spectrum 
though the authors themselves note that some the interpretation the spectrum, Duchesne 
and Monfils who investigated pure quadrupole spectra number chlorobenzenes, consider that the anomalous 
increase the bond constant eqQ presence (ortho) atoms the benzene ring 
must due decrease the degree double bonding structures the type. They attribute this 
decrease the character the orbitals which the consequence loss planarity the molecule 
the result steric hindrance, With this they find from the change eqQ that the bonds 
diverge from the plane the benzene nucleus However, Bray al. point out, the 
tation given Duchesne and Monfils for the quadrupole spectra polyhalobenzenes means conclusive, 
because eqQ depends not only the degree double bonding but such bond characteristics fonicity, hybridi- 
zation, and bond orientation the molecule and the These effects cannot separated with 
polcrystalline specimens, Morcover, the orbital the chlorine atom overlaps more effectively with theo function 
the carbon atom than with the However, the first type overlapping 
whereas the latter diminishes, other words, according Bray the degree double bonding should increase when 
bonds diverge from the plane the nucleus, and this refutes the reasoning Duchesne and Bray 
consider that the resonance frequency caused inductive effect which the fonicity 
bonds presence ortho substituents, The question the conformation hexahalobenzene molecules 


Data hexahalobenzenes are very The conformation the hexabromobenzene molecule, with even 
greater steric hindrance 3,28 instead the equilibrium 3,90 A), crystals should similar 

the conformation the hexachlorobenzene molecule, since crystals and are 
Hexabromobenzene has also been investigated electron diffraction vapor form Schmidt (private 
cation, cited without any details that despite the considerable strain and Cglg molecules crystals 
are the case this result verification, because theoretical 
below) indicate that the molecule should nonplanar, 


achlorobenzene molecule, 
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method, whereby the asymmetry and the the bonds can determined, 


Without going the causes the contradiction between the obtained for 
different methods, must emphasize that analysis and correlation experimental results often teal 
ences conformation different states (for example, vapor, and crystats), These 
ences the molecular conformation, which are usually small, are not because the crystal field which 
determines the tendency close packing crystal, and which caused Interaction atoms 
molecules without valence quite capable producing small changes conformation, since the lattice 
crystal close the conformational part the energy the molecule, This fact has been 
pointed out previously (1, 10}. The classic example the molecule: planar crystals (11), while 
the vapor state one benzene ring turned through 45° relative the other about the bond 
Ali and Coulsoa (13) also that intermolecular forces crystal cause small with 
loss planarity molecules certain polycyclic Such loss fact observed the 
crystal structures anthracene and a-phenazine Thus, the anthracene crystal deviations carbon 
from the median plane the molecule reach 0,012 (which considerably greater than the experimental 
this effect satisfactorily explained intermolecular quite obvious that the opposite effect 
possible principle; nonplanar molecule may become planar entering crystal, under the influence the 
These comments show that thorough analysis the influence the crystal which 
(in vapor) from data for molecule, and vice versa, example such analysis for 
given Incidentally, should noted that data conformation crystals are more conclusive than the 
results obtained studies conformation the vapor and 


The results theoretical calculations the conformation hexachlorobenzene 
molecules, which are reviewed are also highly contradictory. used the theory viscosity and the 
kinetic theory derive the following expression for the (in ergs) between atoms 


where the constants (equilibrium distances) and have the following values: 


3,7 
21,8 30,6 89,2 


Substituting these values the energy Cl. interaction kcal/mole, for example, have 


Coulson Stocker used Eq. (1) and the expression put forward for the energy loss coplanarity 
U(z)=kz that the molecules and should planar, and the molecule nonplanar, with 
Coulson points out that this result depends little the value the constant 
the effects and Ry, which are now known very accurately, are much consider that this conclusion 
unjustified, because the general conclusions concetning the conformation molecule are insensitive the choice 
the van der Waals interaction curve and the force constants which determine the energy required remove 
the bonds from the plane the nucleus are known only very very significant that the polar nature 
the bonds has virtually effect interaction atoms not bonded valence forces and has appreciable 


Coulson used yet another approach estimating between atoms not linked valence bonds, 
based the concept the so-called pseudovalent forces, This method was first used Eyring relation 
hindered rotation ethane: interaction considered the result action exchange forces between 
tandomly spins the hydrogen atoms, and the energy curves aze based spectroscopic data for the 
molecule, (Later method was used Adrian (21) examination the loss planarity sterically 
hindered systems the diphenyl type.) our view, this approach, which certain approx: 
imate estimates the case hindered rotation, rigid systems, the directed character 
the bonding orbitals not taken account, this variant the Coulson (the 
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shouldbe planar, 


Coulson made interesting attempt estimate the Cl, potential from consideration 
mutual the free molecules, 


ate solid angles describing the orientation the molecules, The best value for found 
trial and error, the form 

where and empirical Coulson claims that this instance this for the 
tial was inore appropriate than the more usual formulas, such (1) considers that this because 
this method polar effects are taken into account certain extent (which why lower powers than 
appear). Use the force equation (2) leads model the molecule: 0,050, 0.332 
Although the idea interesting, this method too because the values the constants 

are highly sensitive the choice the (values used for fitting There are other 
the condensed phase that projections one enter depressions Inthe other). Coulson himeself admits that 
Eq. (2) gives values 2-3 times too high for the spatial strain energy; for example, the 
achlorocthane found kcal /mole instead the experimental value 122 kcal/mole Results 
(2) also contradict experimental data for seems that 
the present time the Hill curve must regarded the most satisfactory potential curve for interaction 
halogen atoms. 


This survey experimental and theoretical data reveals much contradiction the information 
conformation molecules, The results for hexachlorobenzene given Later intend 
study the conformation 


EXPERIMENTAL 


The crystal structure has been determined Tulinsky and White from the x0z pro- 
Thus, only the and coordinates were determined experimentally, while the were calculated 
the x0z projection that the molecule The value shows that and were 
with adequate accuracy. the other hand, the coordinates given obviously they give 
However, even the calculation had been correct, the conclusion that the moleucle deduced from the 
x0z projection only, cannot Since the angle the plane the molecule and the x0z plane 
not large (22°; see below), small deviations would have little effect and but would strongly 
For example, chlorine atoms are taken out plane the benzene distance 0.36 
along the normal (electron-diffraction data the change would while changes and 
would not exceed 0.04 Therefore deviations from planarity cannot detected all from the 
Therefore solve the problem the conformation the hexachlorobenzene moleucle crystals 
necessary determine the coordinates (experimentally), and this was the purpose the experi- 
section our work, 
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Hexachlorobenzene crystals obtained from solution benzene thin colorless needles, with the axis 
wise along the the simple forms are and {001} Our values for the 
stants with those given 


Space group the molecules occupy positions the symmetry. 


The coordinates were calculated from the values and the assumption that the 
planar and that These starting coordinates are given Table Certain values 
given (2) are for comparison, The coordinstes were thea the method 
from the type, was done our the structure tetrabromo-m-xylene The 
were obtained from the trace obtained photographing the reciprocal lattice with molybdenum 
tadiation and containing 204 reflections measurable Only the Lorentz and the polarization factors were 
taken into account when structue factors were calculated from the (estimated visually from 
method Icast The reliability factor before and refinement 


TABLE Atomic Coordinates 


Fina 


0 


After refinement the method least 


The values (Table ard the and were then used find the equation for the mediaa 
plane inrough the center symmetry and possible all the chlorine atoms the The 
distances the chlorine atoms from were found 0,013, 0,014, 0,013 follows that 
the planar and second refinement yty the method least squares was 
therefore not performed. consider that further refinement possible, either from the x0z the 
method least squares with the aid the temperature Some correction the coordinates 
can achieved model the molecule, which was taken planar model with and 
1,71 the experimentally determined the atoms, The fitting was performed 
the model about three axes, The best agreement data was determined the method 
least squares, The coordinates found (Table were taken the final values and were for 
calculation the intermolecular distances, The this correction confirmed the change the 


Description the Structure and Molecular Packing 


The hexachlorobenzene molecule crystals accuracy with 6/mmm symmetry. 
(Ox® axis normal the and crystallographic axes) the equation for the plane the 
0,9256 The molecular plane the x0z plane angle 22.2°; the distance between 
planes molecules linked translation 3,58 The molecular packing projections the and faces 
shown Figs. and Certain shortest distances also shown, together with the numbering the 
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Fig. Structure 
hexachlorobenzene, 
ac, 


Analysis Distances 
All distances less are given Table which also number distances and 


the the distances for hypothetical structure molecules (see 


this work for the first time method for finding the distances, 
from the distances the crystals, the part, were usually 
from the shortest distances the crystal (method However, because the complex form the 
they cannot packed the crystal that all the distances tothe 
values, arrangement the molecules corresponds the minimum energy them, and 
this arrangement some (relatively few) are below the values, while the others are above, 
Therefore method used was more correct: the distance tobe the mean 
the real distances the crystal, che value the value from However, even 
this method should give low values the equilibrium distances, correct result can only obtained from the curves 
for the the distances between the atoms (method certain value taken 
the value; the curve used find the corresponding real distances the structure; and 
the lattice energy found summation these for all the distances, different value then 
and the lattice encrgy found, The value which the lattice minimal taken the true 
distance, Each these methods has own model curve for the {nteraction energy; Fig. shows 
that the curves for methods and are very crude forms the real curve (method 


Curves the form 
where the distance the crystal, the equilibrium distance, and and are constants, were used 
the curves for Interaction energy. 


Since the contains data curve for interaction, used, the genéral practice 
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curve which the and are the geometric means the corresponding parameters for 
expressed kcal/mole, for aumber the distances equal the Avogadro Therefore 


Using these potential curves and varying the equilibrium distances obtain the following relationships 


Cl... Interaction 


interaction 


interaction 


Only interactions distances not greater than given Table were taken account calculations 
Interaction greater distances corresponds only attraction (less than 0.001 and, 
imate estimates show, constitutesnot more than 10% the lattice energy. Thus, our “effective lattice 
are too low absolute vaiues that amount,but the tendency the variation with the accepted 
distances and with variaticns the intermolecular distances due changes inthe molecular conformation 
(see below) correctly represented, this instance the effective lattice energy 165 
mole, 


claculation method, based variation the equilibrium distances, give the following structure 
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Incidentally, this method gives greater (by than the sums the 
accepted radil, conformation also indicate that the 
ces greater than the shortest distances The are not direct functions the 
ture the electron shells the atoms but depend complex manner the packing; might expected that 
they would more less random character, However, the tact that the shortest distances diff- 
erent structures are constant, first sight, direct conscquence the steepenss the 


branch the interaction 


TABLE Distances (in 


Experiment} Non 
Atoms 


2.61(6) 6.6244) 3.5546) 2-544) Cle 6.405) 


Intermolecular distances essentially with the short translation, 
between and molecules taken out positions IV, and 


the corresponding distances for atoms the same molecule. are 


given parentheses, 
The literature contains the dependence the Intermolecular radius, the equilibrium 
distance, the the cortesponding interatomic vector with the chemical bonds formed the 


interacting atoms, was found, particular, that the atom shorter the direction tis 
chemical bond than perpendicular directions Table shows that similar atomic shape the 
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divide the interactions Table three 


with the the molecule, they that plane, 


lation; these are the distances table 2); the vectors are angles 30-50° the the 
cule, 

Interactions molecules; the Interatomic vectors close the normal the plane the molecule 
(angles 

Table shows that the equilibrium distances Increases toc, Figure shows 


ponding for the interaction energy against the accepted distance the minima these curves 
determine the true equilibrium distances and the increments the effective lattice The final are: 


kcal/mole 
distance,A 


Hence the effective lattice energy than the value calculated 
without the stomic shape taken account, These distances show that the 
the atom depends apprectably the being the plane the molecule 
the normal that plane, This real difference, because the the radius the carbon 
atom the normal the molecular calculated from equilibrium distances, are good 
agreement: 1.97 and mean the same time, this disregarded, additivity ths 


the values the carbon are 2.08 and 


also the similar structure the radius the molecular plane less 
than the normal that plane, 


This method for equilibrium distances verification. must demonstrated 
that these distances are constant numerous structures the same type; the dependence these distances 
direction the same character molecules similar chemical structure; the calculated effective lattice 
energy close the experimental value. Verifications merely require analysis distances many struc- 
have already been interpreted, but difficult because data energies organic 
crystals are meager. particular, such verification must justify the assumption our calculations the equilibrium 
distances, that real structure attraction becomes established interactions all types, 
and view the nondirectional nature van det Waals interaction this assumption 
(hydrogen bonds; between strong dipoles). 


Steric Strain the Molecule 


order explain the differeace between the the hexachlorobenzene molecule crystals 
and considered the following hypothetical structure, The real unit cell the hexachlorobenzene 
tal contains molecules the molecules which are above and below the planes the 
benzene distance 0.36 above). The the carbon atoms this hypothetical 
structure the same the real structure, because the benzene ring remains planar the electron- 


model, The distances for hypothetical structure are given the column 
planar Table Calculation the effective lattice enctgy for this hypothetical 
kcal/mole, which 3.1 kcal/mole than the value for the 


This difference that packing molecules more from the aspect, The 
packing cocff for the hypothetical and tcal are, course, equal; value with the 
distances use 


that the expressions given above for the energy molecular interaction are also for 
steric strains the molecule, because both cases stoms not linked valence bonds 
(in different the same considered, Most investigators this view (sce, fur 
ample, (19, although some (24) add the qualifying statement that yet ate not sufficient data 


molecular interactions ate applicable 
actions. possible that the potential curve varies with the 
angle formed the vector and the covalent 
that the nature the interactions the 
tial curve) for nonbonded atoms these universal, 

the dependence the interaction energy the 
tation the vector between the atoms relation 
their covalent bonds accounted for the change the 

distance with direction (see above), 


calculations the encrgy steric strains the 
Fig. Molecular interaction energy atoms only, because the other distances tetween the 
distances, the equilibrium values. Moreover, the shortest dis- 
tances ate precisely the most sensitive planarity. The 


equilibrium distance, because the data the depend- 
ence intermolecular direction are very For 
example, not known whether the solid rotation (the ro- 
tation the covalent bond) the van der Waals “sphere® 
structure hexachlorobenzene the interatomic 
form angles 0-60° with bonds, while 
the vectors interactions form angles 70-90°, The angle 
between the Cl, intramolecular vector and the 
bond 60°. Therefore may assume that the 
3.64 and 3.94 performed the calculations for both 
equilibrium distances, for the planar and nonplanar 12°) 


Fi 6. D d 


the equilidrium distance 
adopted, Steric stress energy the hexachlorobenzene molecule 
(kcal/mole) 


The equilibrium distances found for the real structure were used the lattice energy the 
structure, 


. 
- 
- 
- 
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The calculated energy depends sharply (by tenth-power) the equilibrium distance, Despite this, can draw 
concerning the force constant for bonds from the For this must 
the conformation packing fractions the energy for the and conformations, The 


where the effective lattice energy, the steric strain energy, the removal bonds 


—17,0+ 1,6+¢ Unonpt {, Unonpl > -2.1, 


3.94 The force constant estimated from the condition 


The planarity condition for molecule (in vapor) 


there are reliable values for the force constants removal peripheral bonds from the 
follows that the hexachlorobenzene molecule must the vapor state well crystals. This 
clusion probably also applies hexabromobenzene and The reason that the increase 
that the steric strain energy approximately the same for all three Nonplanarity may occur 
presence even greater hindrance, example hexaethyl-, and 
free and uncoordinated rotation the about the bonds, Le., the high-temperature modifications 
(if such exist) their crystals, free molecules. such cases, groups such must represented 
the groups probably coordinated, hydrogen atom one group always the space between two 
hydrogens another, and the steric hindrance much less, 110°K phase occurs this 


halt the the groups, engaged like gear wheels; the molecule this must also 
planar, 


di-, and apparently even pentasubstituted steric hindrance partially removed 
the .Br distance increases (above the 3,30 the ideal model) the CCBr 
angle the plane 1.5° The same the bonds are taken out the plane the 
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through 14°, the elastic constants for both deformations were the same (which 
probable the energy for loss planarity would 100 times much for 
tion the plane, Therefore retention planarity (of course, with the exception hexasutstituted may 
explained purely geometrical grounds rather than the the removal the 

bonds froin the plane, only the steric considerably greates example, 
(33) that separation the substituents plane may prove insufficient for removal 

steric strains, and planarity would than lost, Moceover, the divergence the bonds the the 


SUMMARY 


The factors determining the conformation bexahalobenzene molecules the vapor state and 
are considered, the literature reveals the contradictory experimental data and theoretical 


use curves for the energy interaction atoms not linked valences and minimalization the effective 
lattice energy. 


The equilibrium distances are found distinctly the direction relative the the 
molecule. The equilibrium distance 3.64 the molecular plane and 3.94 the normal 


The effective lattice energies have for hexachlorobenzene structure 17.0 
mole) and for hypothetical structure with nonplanar 13.9 


The values the force constant for removal the bond trom the plane the benzene with 
which the hexachlorobenzene molecule must planar crystals and were estimated, 


that molecules all hexahalobenzenes must planar not only but also the 
state, 
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are follows that every case the 
light the concepts concerning the charge 


the outer orbital the bonds, This also occurs 
magnetic with undistorted octahedral 
scribe the: (within the framework the valence palt 
this type which have been studied 
turally the distances are considerably less than the 
the the contacting ligands are 
less than the corresponding Intermolecular 
fonic means that the share forces 
lent M-ligand bonds quite substantial here, 
data compounds with regular octahedral 
with distorted! coordination the conclue 
sion that the formula unsultable for the 
ter. e 


The author that under certain conditions the singlet 
state may the most not 
only with but also with distorted 
tion. likely that further development 
theory account interaction with 
some with others would make 


noted, however, that the distance this compound (~3.0 than the dite 
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INFRARED ABSORPTION SPECTRA RING SILICATES, 


Lomonosov Moscow State University 

Translated from Zhurnal Vol. pp, 330-336, 

Original article submitted June 20, 1960 


The paper contains the results investigation absorption silicates with 
oxygen-silicon ring and certain other 


some theoretical investigations groups are considered separately for calculation the vibrational 
fre quencies such groups. This possible with compounds because the forces within the molee 
cule are considerably greater than the intermolecular forces; the infrared such compounds have sharp 
tion bands. Radicals the simplest oxy acids, such groups atoms which 
the bonds are much stronger than and often qualitatively different from the between these groups and other fons, 
Because these structural complex ions the salts, such and 
like molecular compounds, give selective absorption bands the infrared spectra, corresponding the vibrational 
frequencies the and groups. the case silicates, x-ray structural analysis has demonstrated the 
existence tetrahedral SiOg groups their crystals, structure the tetrahedral radicals sulfates and 
phosphates. comparison with SOg and the tetrahedron has (1, the largest size; the 
charge; the least stable bonds 


The silicate type intermediate the chemical sense and the key understanding the 
erties silicates. Whereas the phosphates and sulfates are typical complex fons, with internal 
entirely homopolar character, which may regarded single entities, the silicate tetrahedron 
intermediate position between such complex ions and similar groups certain oxides, such 
spinels, which not principle differ any respect ftom the elements the “coordination 


However, the silicon-oxygen bond differs substantially from the simple 
between metal and oxygen, and this justifies the view that 
are elementary building units the packing which, together metal 
gives rise the general silicate suucture The Si-O bond transitional 
tween purely ionic and covalent bond; this demonstrated, for example, 
tay data 


therefore evident that, the opinion certain 
(S, term does not imply “merely picture 
the spatial environment four oxygen atoms around one silicon atom.” The 
group, despite the nature properties, complex ion the oxygen 
primary proof this the invariable presence selective absorption 
bands, similar the the spectra molecular compounds, the 
tic the group; one confirmation this that one metal ton 
another has little influence the form the (grenade form), and that 
the spectrum quartz also has bands 8-12 and 


Fig. Transmission 
ite (b). Among the causes the complex character the spectta silicates 

the fact that combination silicon-oxygen tetrahedrons radicals the form 


- = 
| 
ay 
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Silicates (1, 


Bond force 
atom 


Average length 
edge, 


Cenval stom 


X-O distance, 


Mean 1.6 


foliows from data that interatomic Si-O and distances given tetrahedron silicate 
fer appreciably. For example, the structure the ring silicate catapleite the distances are: 2.55, 


This apparently has direct connection with the changed views the role radicals 
silicate structures, has now become evident that the high stability docs not make them 
tigid; the they are very adaptable requirements morphological character and habit imposed 
the other elements the structure that they can undergo considerable distortion, 


Thus, the interpretation the spectra ring silicates can probably apply the Duval and 
Lecomte that the fundamenial vibrations the group are split the result lowering symmetry 
Similar conclusions have now been reached with regard number organosilicon compounds 


investigations 24] concerned with the tansmission andrefiection spectra zing silie 
cates. data published other workers the transmission spectra ring were concerned 
mainly with the region, and the for different were not correlated. confusion 
introduced into the interpretation the spectra minera!s such wollastonite, and were 
assumed the ring type. 


Our investigations showed that the absorption spectra ring silicates have, 
addition the bands 8-12 end 17-20 which are for all silicates, intense band the rege 
which regard characteristic for ring The infrared and reflectioa spectra ring 
cates were found depend directly the which the totrahedrons ere joined tings. The 
position the first and the second fundamental band the characteristic silicates with 
threeemembered and six-membered rings, and twinned rings both types. This permits spectroscopic identification 
silicates with ring 


The following conclusions could drawn from our experimental data: The silicates the structures 
mined the ring type. Thus, the case silicates with rings the first fundamental band 


TABLE Comparison the Spectra Silicates 


Wollastonite, Tadzhik SSR 9,05 9,46 9,77 10,34 10,85 

range, Caucas 
Cag Same 8,35 9,35 10,27 10,77 


Polyakov 9,07 9,37 9,57 9,91 10,42 


SSR 


longer wave lengths than the same band 
the spectra silicates with sixemembered 
with the exception silicates with 
the general case this band doublet, more 
pronounced for with threeemembered 


The first fundamental band milarite and tourmae 
bands for minerals with twinned 
are shifted even further into the short-wave This 
displacement the first band silicates with 
six-membered twinned the short-wave region 
cannot attributed the influence the atomic 
the cations (since the displacements roughly equal 
for different groups cations); this influence can 
all, only within given group minerals with 
ting type. The shift the fizst fundamental band toward 
shorter wave lengths silicates with twinned rings also 

demonstrated clearly for the pair which 
are similar chemical composition but have different 
(three-membered and twitned three-membered): 


the spectrum catapleite the first fundamental band 
the 8.88-9.66 region,and the structure the late 
ter band more 


The spectra ring silicates had strong 


Fig. Transmission spectra the absorption bands the 12-13.5 This second 
wollastonite group: Wollastonite; xonote damental band shorter wave lengths (12.4-13,0 for 
lite; pectolite. silicates with rings than for silicates with 


threeemembered rings 


The influence differences the structure especially pronounced the spectra and elpidite: 
the second fundamental band for catapleite and for elpidite 12.73 which shiftof With 
tegard twinned six-meinbered rings, the following may noted: the milarite and tourmaline the 
band characteristic the ring 12.59 and shorter wave lengths the spectra 
silicates with three-meinbered 


Analogous results obtained for organic The influence ring size organic compounds 
the pulsation frequencies the rings was investigated Barrow and Searles means infrared spectra, and 
Kohlrausch and Reitz means Raman The results show that the frequency the strong band 
decreases and that the band increases with decrease ring size, 


Comparison the reflection crystalline plates the same minerals showed that the intensity the 
second fundamental band depends the the crystal section. The greatest with 
crystal plates the their planes, Dioptase exception; the reverse tue this 
The greater intensity the second fundamental band the spectrum dioptase plate cut the 
tical axis can probably cortelated with the specific character the silicon-oxygen rings this mineral, which are 
nonplanar, have and not have horizontal plane symmetry. Moreover, contrast other 
with six-membered dioptase optically positive, 


The strong band the region specific for silicates with the 
Admittedly, the spectra certain silicates without may contain weak bands the 
due other characteristics, possible, for example, that the absorption bands observed this 
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wave-length region the certain micas and framework silicates the fact that 

strong band 13/16 (Fig, 2). This band the silica modifications (quarts, 


the time, are agree with who notes his theoretical paper that the presence 
band the spectra ring does not mean that every band this region the spectrum 
silicate characteristic rings. Cases are apparently when cannot the silicate 
absorption bands are found this region owing other therefore admit that bands may 
pear the 12-13.5 region the spectra certain silicates without structure, but ring silicates must 
contain stong bands this 


workezs (20, 21) also contain bend the The position the maximum 
this band differs with different and the following wave lengths: 13.35 
13.1, 12.9, 12.6 and 13.5, 13.25, 13.0, 12.65-12.7 dhe absorption for ting 
also found these wave lengths, Therefore the presence bands 13.5, 13.35, and 13.25 the epectra 
the presence 12.5-13 bands, with the presence rings The strength the 
13.5 bands for decreases with contents metal oxides; may indicate destruction 


IV. The band the the spectra and silicates probably should not 

structure, 


the preceding communication unfortunately net give the transmission spectra minerals 
the wollastonite group, for which the wave lengths the absorption bands were evident that the 
mission spectra (Fig. Table minezals the wollastonite group Belong chain silicates not contain 
the band for the ring structure, 


The and pectolite similar, which 
consistent with the their structures, based silicon-oxye 
hedrons with chains bands SiO, tetrahedrons, 
end the bands xonotlite the region 
are wave lengths those wollastonite and pectolite 
(Fig. 

example the possible use spectra for identification 
silicates, let consider the spectrum axinite (Fig. 
Table 2). According Ito the axinite structure contains 
vestigated the 7-15 region, contains bands the 12-13.5 


Fig. Effect silicate structure the 
wave length the intense bands, 


used the data various authors compiling summary the spectral ranges 
frared absorption bands silicates with differcnt our ring silicates (Fig. 
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the 8-12 region this Evidently also have absorption band the 8-12 region, 
The first band for cing longer wave than the first band framework silicates and 
shorter wave lengths than that for intermediate position the wave length scale for 
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METHODS FOR STRUCTURAL ANALYSIS 
MATERIALS 


een 


Institute Biological Physics, Acedemy Sciences, USSR 

Original article submitted 1960 


The paper discusses modern concepts structure and structural changes under influences, 
lation large group proteins and tissues materials which yive x-ray the type the 
native state and methods for interpretation the x-ray patterns these Certain logically 
necessary experiments were to.confirm and justify some the conclusions, 


There are the present time two main the x-ray structural analysis interpretation 
the structure and structural changes biological One these, laborious, now being followed 
school, with investigations the structure proteins which can obtained 
the form single crystals. great here was the interpretation the structure degree 
resclution such that not only the spatial configuration the polypeptide chain but also the nature chain 
tion and the form the side groups could deduced, 


However, from every protein can obtained the form single Moreover, biological research 
the most Interesting are those involving proteins and their complexes the organism, where proe 
teins are present the state, Such can and are being investigated x-ray structural 
sis, but different form. this second much simpler methods diffraction analysis 
and smorphoys substances are These methods cannot give detailed picture the configuration atoms 
atomic groups but they reveal certain characteristics structure and the 
structural taking place materials during The main the use these 
methods the nature the resultant patterns they ere very poor Published that 
this leads ambiguitics and the such patterns, The interpretation must therefore 
based certain concepts the structure, derived cither from special with the air 
tay diffraction from data obtained other physicochemical methods, always necessary such cases assess 
the compatibility any given concept with the results which follow directly from the characteristics particular 
pattern, 


The present paper concerned with elucidation existing possibilities x-ray structural analysis 
tion large group proteins, namely fibrous proteins the keratin and myosin type. 


One the afms the selection rational procedure for interpretation the x-ray fibrous 
teins the region including and (Methods for interpreting scattering 
patterns corresponding macromolecular periods are not considered here.) 


order that valuable information the simple and generally accessible 
analysis with the aid the detailed below relating the interpretation the x-tay pate 
terns proteins, considzr structural proteins the process which has been 
fed for long time. 


draw attention certain which does not allow ambiguous interpretation, 
diffraction studies proteins, The first point noted classification fibrous proteins 
into two with thelr diffraction characteristics, The collagen class includes proteins 
tained tendons, bones, fish scales, The other and very extensive class includes many the most 
teins animal tissues, which was described Astbury the class keratin, myosin, epidermin, and 
teins, the KMEF class for short. This class being continuously supplemented members, such flagella 


é 


proteins and from nerve tissue Globular proteins (for example, egg can give 
patterns the same type KMEF class, However, here shall the structure proteins Included 


the KMEP class. 


known that the x-ray patterns obtained with the primary beam the axis 
orientated dry specimense proteins the KMEP class accordance with the state the one 
native proteins, and and patterns are characteristic the same proteins after epecial 
ment. For example, obtain the pattern the protein specimen stretched the molst state 
Some proteins the KMEF groups have far been converted from the state only the state, others 
only into the state, while certain proteins, accordance with the treatment conditions, have beea converted 
either the the Conversion proteins from the the form known the wansformation 
and has been the subject many investigations, because not only the and mechanical but 
even some the vivo functions proteins have been correlated with their tendency undergo this transition, 


Thus, the information provided with certainty now x-ray the 
proteins into two classes accordance with their x-ray diffraction characteristics, and the existence different 
patterns for proteins the KMEF class, dependent All other x-ray information should ree 
with caution view the statements the published papers, 


must emphasized that analysis from x-ray patterns which are not all possible 
sources information must fusly utilized; not only the position but also the form and Intensity the 
tions must taken consideration; some additional information may analysis the background the 
pattern, This approach intepretation patterns has not yet been finally adopted, although the reflections 
served all the patterns Fig. can divided even thelr appearance two types: rings and 
distinct lines arcs, follows from the theory x-ray scattering these two systems reflece 
tions characterize least two structural the substance, differing order and 


Up.to now tie attention discussion patterns has been devoted the anisotropic, 
reflections (6, which were used criteria for evaluation various structural models, The 
rings present the diffraction patterns all three types which the tess part the 
substance, were not taken account analysis x-ray patterns, Admittedly, certain have for long 
time postulated the coexistence regions higher and lower structural order but they not correlate 
them with the reflections the x-ray patterns, Recent physicochemical Doty have Justified the 
view that solution some the protein chains are present “randomly state; there now tendency 
apply this view dry therefore all the more timely correlate this with 
the x-ray patterns proteins. natural assume that the x-ray characteristics phase, the “less 
part the substance, the x-ray patterns given dry proteins are the diffuse 


The reflections the (Fig. call for che following comments, When dry 
proteins either the the form wetted, the reflections the patterns behave the 
sharp reflections (narrow the radial directicn) are retained while the diffuse anisotropic spots 
appear. This that the structure characterized the reflections stabilized bonas differing 
The weak bonds which are destroyed hydration the protein, leading the the diffuse 
equatorial the pattern, describe “packing” bonds, the appearance the corresponding 
the result dehydration may correlated with lateral packing the polypeptide chains (see below). The sharp ree 
flections disappear only with reagents which break down hydrogen bonds (for example, the work 
the return epidermin the the state the action saturated urea solutions), This 
confirms the connection between the sharp reflections the x-ray patterns and the structural which the 
fairly uniform owing hydrogen bonding definite types polypeptide chain 


Orientation effected only specimens, Loss water during drying deprives the protein chains 
mobility, certain sense “fixes” their position, 

this paper the term “structural simply used denote the combination elements 
chains regions these chains) for which the patterns the same structural 
elements the type, constituting may evidently separated space particular, 
structural elements belonging different 


318 


4 
bea 
t 
nity 
a 
- 


the wetted, Into groups which depend the from which they 


significant changes, 


patterns and forms, The the patterns dry proteins are cone 
sidered the 5.1 meridional and the 9.8 The former indicates the presence 
mately along the axis the specimen, The other reflection, the equatorial 9.8 correlated 
either with lateral packing epirals with packing the stretched protein layers the direction 
thelr side The disappearance the equatorial reflection when the protein wetted evidence 
favor its packing the Interdependence the 5,1 and reflections the pattern supported 
data for keratin; found that the intensities both these reflections diminished whea 

the specimens had been subjected considerable could proved that the 9.8 reflection 
packing spirals this would mean that the spirals are not singly within the protein, 
However, without additional investigations decide conclusively whether the reflection 
sponds only the spiral phase whether with any chains (possibly even chains 

unlike configuration) contact the direction their side 


addition the diffuse rings, the pattern has three principal which are regarded 
for it: 4.6 9.8 equatorial reflections and weaker meridional rcflection about 3.5 These reflections 
have been explained with the ald of.a model which the chains are layers stretched with retention 
the valence angles the chains with repeat 4.6 (in the the principal chains) 
and between the the direction the side chains), and pleated sheet model [6]. The second model 
based the concept polypeptide chains extended with kinks along the axis the specimen (not only are 
the valence angles retained, the conform the principle best packing and are linked hydrogen bonds), 
forming pleated sheets; the distances the chains the sheet are again 4.6 and the sheets are 9.8 apart. 
models the meridional reflection corresponds projection the length the amino acid onto 
the fiber aris. The “packing” model now regarded and the pleated sheet model generally accepted 
each model has its applicability region, dependent the method preparation the form. The following ape 
plicability criterion may the pleated layer model valid, then only the 9.3 equatorial reflection 
should disappear when the wetted, while the 4.6 reflection should persist, because the principal 
chains the pleated sheet model are linked hydrogen bonds, which are not water temperature, 
the model which docs not postulate hydrogen bonding between the chains both equatorial reflections should 
pear presence Astbury succeeded specimens stretched the state into the state 
simple relaxation Since this possible, evident that the form was not stabilized 
harsher agents, hydrogen bonds may formed between the polypeptide and the pleated sheet model then 
expected that the x-ray patterns for these two cascs would also differ the form the 4.65 

the other hand, the form keratin the action compression, and temperae 
ture (12), when the pleated sheet model valid, the reflection the form long are, 


the x-ray pattern the the 9,8 and 3.5 are equatorial, and the reflection 
meridional, Astbury and consider that this pattern also represents the existence sheets apart 
and approximately parallel the axis the however, the sheets the polypeptide chains are perpendicue 
lar the specimen axis, 


1d), this type are given subjected certain denaturation (e.g., 
ing water, with alcohol acetic acid, etc.), these patterns sharp ting appears 
the background the diffuse 4.6 Densturation this type the distances between 
protein chains, “growing the protein chains means hydrogen bonding 
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These sings correspond (short range) order the protein substance They have the same periods all 
patterns dry proteins about 4.6 and 9.8 Whereas models postulating the existence shects proteins 
these are periods the sheet the disection the and between the sheets the direction 
the side A), the case molecular packing these values must correspond the effective 
the polypeptide chain these two directions, The character the diffuse shows that these chains 
not have any predominant direction even specimens, The character this part the 
chains dry specimen may elther due the fact that they cannot the moist specime 
(which the bonds within the chains are the bonds with neightoring chains 


must note once again that the diffuse rings, which associate with the type chain packing 
dry proteins, are aot found the x-ray patterns molst proteins, Evidently the undried state, which closest 
the physiological state for most proteins {apart from keratin), the protein cuains which give rise the diffuse rings 
the patterns dry proteins are separated water and, like solutions other macromolecules, not give reflections 
the large-angle region. When the protein dried, these chains come into mutual contact while retaining 
van der Waals diameter, and are the most advantageous manner, 


The intensity ratio the 4.6 and 9.8 rings depends the nature the protein and the preliminary 
(16). However, the cases now the intensity the diffuse isotropic 4.6 
patterns appreciably greater than that the 9.8 The explanation may that the couse drying the 
conditions are more favorable for molecular packing nonorientated chains the direction the principal 
chains than the side chains. The considerable intensity the diffuse Isotropic rings with the reflece 
tions due the and phases indicates considerable content phase 


Let now apply the information deduced from the and diffraction patterns analysis the structure 
proteins from the into the form. held the that the cone 
sists straightening chains which are the state. Recently suggested that the wansformatioa 
proteins proceeds through proteins contain disordered phase, possible that also 
must influenced some manner the However, before drawing conclusions about the meche 
anism the transformation, must note that the state are from x-ray 
probable that the mechanism the transformation not the same case. Let the 
specimens subjected certain denaturation interpreted the consequence the fact that 
the between the polypeptide chains become more uniform the result hydrogen bonding than they are 
molecular packing. Whereas the 4.6 diffuse disappears when the specinen wetted, the sharp 4.65 
sists (Fig. 2a); this confirms the stability the bonds which form the chains during denaturation. 
the denaturation has not gone too far, the x-ray contains reflections the orientated phase together with 
sharp ring the phase (Fig. 2b). The isotropic character the sharp 4.65 ring the Isotropic 
distribution the newly formed hydrogen bonds the orientated specimen and supports the view that cross linking 
the chains hydrogen bonds occurs the isotropic, part the specimen, least during the first 
the more exiensive the phase reflections become weaker and 
possible that their disappearance associated with the appearance (tensile forces) the specimen, 
leading lengthening, weakening, and ultimate rupture the hydrogen bonds the spirals and the 


interesting note that complete disappearance the diffuse rings cannot achieved even 
extensive denaturation the protein. The impression arises that hydrogen bonding between the chains limited 
certain proportion the chains, possibly because certain relative the structural formations the 
isotropic phase. 


Thus, the first stage the transition from the phase tothe phase, 
ably cross linking some the chains the phase the protein, followed 
the 


already noted, two different possibilities must considered the the case the 
form: the appearance structure, containing extended chains the direct.on the axis 
the specimen and linked weak packing bonds, and the formation structure extended 
chains with definite kinks cross-linked hydrogen bonds, 


~ 


the from the state the reversible “packing” state, susceptible the process une 
weakening and rupture hydrogen bonds during stretching) may the wansition the 
disorientated phase may also seen persist after disappearance the phase 1b). 


The from the the the pleated sheet model, evidently involves two 
stretching and the protein chains, the the form, and Unking 
these chains hydrogen bonds, denaturation (in the transition the Whereas the 
case the orientated form denaturation occurs the part the protein, the pleated sheet 
cross linking the chains occurs this part with the chains already somewhat the additional 
should noted that the greater length the 4.65 equatorial arc this case, with that 
observed the x-ray patterns the packing form, indicates that the chains become cross linked thelr orlentae 
tion along the specimen axis Here, the disorientated phase and the packing phase, the 
diffuse rings persist; evidently certain proportion the protein substance does not undergo 
denaturation, 


patterns, patterns, the 4.65 reflectica meridional, This that the chains 
ate the specimen axis; the sharpness the the patterns the form) 
suggests cross the chains hydrogen bonds. The patterns were obtained from stretched 
previously subjected thermal denaturation example, egg albumin heated aqueous 
sbove 60°), when x-ray patterns the disorientated form might expected appear. Sometimes subsequent 
ing the under conditions may play the role 


account for the fact that the effect leads transverse and not 

the start drying, the protein contains formations the rod band type which the polypeptide are 
right angles their length. then leads partial orientation these formations. The sharp 4.65 
flection patterns shows considerable azimuthal diffusion; this Indicates that these formations 
Since the same such myosin, can special procedures not only the but 
alsoto the form, probable that the original protein did aot contain band rod formations, which arose during 
conversion the specimen into the form. the case myosin the protein may have undergone thermal denature 
ation, leading cross linking the polypeptide chains the part the protein. The small width 

the 4.65 denaturation reflections indicates that lateral cross linking Involves relatively large number 
tide denatured pzotein either into the state (myosin), where the chains are 
tight angles the specimen axis, into the (edestin), represented the pleated sheet model, accordance 
with the ratio between the lengths the cross-linked chains and the lateral extent the cross linking. 


There are reports the patterns from specimens subjected milder (bacterial flage}lae ote 
films during syneresis However, such cases the characteristic 4.65 arc low intensity, 
while the not exclude the possibility some should that the connece 
ment the polypeptide chains relative the fiber axis native fibers (silk from the outside the cocoon 
the Chrysopa insect 


Proteins can certain instances obtained the from specimens giving the form they are 
denatured protein. During denaturation absence strong influences the cross-linked chains are 
with equal probability over the entire protein this leads the character the sharp 4.65 
the x-ray pattern the form. 


naturing influences are superposed this distinct orientation, the formation pleated shect structure 
hydrogen bonds possible. Some proteins form pleated sheet structure the result after 
The significant difference between the packed state and the other forms the character the Londing between 


the polypeptide chains the phase: due molecular packing the packing form, and hydrogen bonds 


Thus, two quite different processes are implied when speak the a-B stretching, 
tion, and packing the the packing form, and denaturation definite type, consisting 
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ever, did not observe total disappearance the the pattern end 
naturation, and such observations are reported the certain proportion the 
ordered” phase and denaturation characteristic this may due the fact that the 
structure protein determined not only packing and hydrogen bonds nce bonds the sida 
groups nelghboring polypeptide chains 


Some the views protein structure discussed here had been put forward earlier, indicated the 
citations the text, However, the authors cited did not develop these views further even used structural 
els incompatible with such views the thelr therefore considered necessary present 
general picture the molecular structure fibrous proteins the KMEF class and some thelr most 
transformations the light the Information which follows directly from analysis x-ray patterns based the theory 
x-tay and amorphous solids (15), using the experience gained work with other complex nature 
high polymers 


conclusion, may note that x-ray studies based combined analysis different elements 
the x-ray patterns biological materials existing different states may provide new information when certain 
structural transformations are considered; for example, different types protein denaturation, studies the role 
water protein structure, studies muscle contraction processes, and investigations other important 
cal materials, including nucleic acids nerve 
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VAN DER WAALS INTERACTION HYDROCARBON MOLECULES 


Institute High Polymers, Academy USSR, Leningrad 

Original article submitted July 


Van der Waals between two methane molecules different relative positions has been 
calculated. Agreement with experimental data can obtained the Hill potential used for the 
interaction hydrogen atoms; and carbon-hydrogen Interaction must also taken 
into account accordance with the mutual the The steric 
interaction the internal rotation for ethane negligibly 


The conformation molecules are especially {mportant relation the behavior Mae 
cromolecules are rotatjonally cooperative systems, and physical characteristics are the 
range possible rotational isomers and variations this range under the action various influences the mactoe 
molecule [1]. However, until now there has been reliable method for calculating the energy between 
rotational {somers the principal responsible for properties molecule. The purpose 
the present paper interaction between hydrogen atoms not linked valence bonds hydrocare 


calculation the steric Interaction hydrogen atoms ethane, Eyring used the for two 
molecules, calculated from valence schemes, that the interaction energy two atoms the 
same figure shows the experimental curve based the potential interaction found from the 
second virial The curves diverge for small distances; this probably duc the 
plicability under these conditions the which the experimental curve based 


mole, This becomes considerably the experimental curve used instead the theoretical, 
Mason and Kreevoy used the potential calculated Hirschfelder and This the 
calculation the steric 


Curve 3(Fig. 1), based Eq. (1), stronger repulsion than the experimental curve, Curve corresponds 
attraction should noted that the distance between nearest nonbonded atoms hydrocarbons may 
just the two more reasonable take into account the singlet state also (7): 


here and are the energies the singlet and wiplet states, taken The analytical form (2) 


Figure shows that curve based (3), close the experimental curve, Several (4, have doubted 
the potential for free atoms calculations steric H-H interaction hydrocarbons, However, 
the opposite point view put forward the authors these papers consider that quite permissible 
use the 


4 3 - = 
3 
- 
. 
| 
° 
3 


and should between the curves 
positions and For the calculstion must know the 


(Fig. 


cording Hill, 
For interaction take potential (3), and the 
C...H potential 


found and (4) with the aid the so-called come 
bination rule 


Figure shows our calculated curves for positions and 
and the experimental curve. evident that the 
are not agreement with experiment. cannot 
assumed that the interaction between atoms linked vale 
ence bonds atoms the same for atoms molee 
According x-ray diffraction studies 
the van der Waals radius hydrogen 


Fig. Different atom whereas Fig. indicates that this radius 

atoms 


Hill proposed the following for inceraction bonds: 


This formula based the Lennard-Jones potential with parameters found from crystallographic and 

the behavior free atoms and bonded determined mainly the the atoms, This 
fluence consists deformation the electron shell the atom, which decreases exchange repulsion the 
The agreement the curve based (3) with the experimental curve for interaction and with the 
Eyting curve shows that the H-H valence bond docs not have this influence. Another reason why the sphere action 

less for bound than for free hydrogens the atuaction between and the atom with which not linked 
bond (8), However, this effect, which appearsonly have Influence the 
interaction energy, Calculation the based the Hill (6) and the for C-H 
found from (4) and (6) (Fig. 


gives agreement with 


kcal/mote 


Fig. Interaction potentials 
two methane molecules 
different positions (indicated 
letters Fig. 2): Exe 
perimental curve; Eq. 
(6), 


Fig. C...H interaction 


Figure shows that the curves for the extreme positions 
mental curve. The curve for position (Fig, 2), 
the same method, between the and 
curve The steric molecules depends 
considerably their mutual orfentation; the that 
CH, molecules are approximately spherical very rough and 
valid only for large the calculated 
shows that strong repulsion due ine 
The remaining correspond ate 
traction the distances under but they not 
make any substantial the final curve. From 
may conclude that, despite what stated there 
well H...H interactions, This evidently applies also 
interaction methyl groups hydrocarbons, used the 
above results calculate the interaction the ethane 
molecule, corresponds with energy 
kcal/mole, virtually the angle rotation 
the CHs group about C-C bond. Therefore the 
ethane negligibly Howlett (and number 


rection for the dependence potential(1) the the C-H bonds, This 
takes Into the effect bond Pauling (13) and and This effect 
the steric repulsion hydrogen atoms; consider that method 


The calculations described above can used for analysis internal rotation 
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INTERNAL ASYMMETRY COMPLEX COMPOUNDS 


CALCULATION METHOD AND PRINCIPAL 
APPROXIMATION THE CRYSTAL FIELD THEORY 


Chemistry, Moldavian Branch, Academy USSR 
Translated from Zhurnal Vol, No. pp. 
May-June,1961 

article submitted February 27, 


The paper contains the the internal asymmetry the co- 

sphere six-coordinated complex compounds the result the the 
electron cloud the incomplete shell the central atom (the explanation asymmetry 
based the Teller theorem). The equilibrium configuration the general 
case fonic complex distorted octahedron (with one longer shorter than 
the other two); remains octahedron only the central has the electron configurations 
question, were obtained for all cases, together with formulas for the additional splitting terms 


INTRODUCTION 


known that the principal physicochemical properties complex compounds are closely related the sym- 
metry the spatial arrangement the ligands around the central atom the first Such proper- 
tles include light absorption the visible region (color), the infrared, and Raman spectra, optical activi- 
ty, isomerism, etc. Therefore definite idea the symmetry the complex needed Investigations 
these 


studies complex compounds usually that the spatial configuration the ligands around the 
central fon the first sphere, absence external perturbations, corresponds the maximum 
metry for the given coordination number, For example, the coordination number six and the are all the 
same the complex taken octahedral; with coordination number four tetrahedral square, There 
would objections these assumptions the field the central atom was spherically symmetrical, least 
had high degree owing the presence incomplete (or shells the atom 
(complex former) does not general give sufficiently symmetrical around with the 
ligands, that although the ligands are all the same they may occupy positions this 
tral atom. Therefore the general case cannot have maximum 


Deviations from maximum symmetry complex compounds the crystalline state may the 
fluence the external the succeeding coordination from these distortions symmetry, 
shall describe internal the due the the electron cloud the central atom. free 
molecuies fons solution asymmetry can evidently only the Internal 


the literature, asymmetry usually termed the Teller effect, named for the authors the 
theorem whica gives rigorous the effect. Hoever, prefer the term 
because the Jahn Teller effect not restricted deviations from maximum symmetry 
Several theoretical investigations various aspects Internal have been Nearly all these 
investigations are based the assumption that six-coordinated complex tegular and Involve 
search for the amplitude normal vibrations the octalicdron which minimize the energy the complex 
function the normal coordinates, This approach the problem may give tlse certain 
principle. teal complex the equilibrium state not, the general case, regular octahedron and 
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therefore need not have the norinal vibrations octahedron, that not function the 


other words, the above-mentioned are with the changes complex would undergo 
wes octahedral, and not with the actual symmetry the complex, eddition, most the nct give 
deals with particular cases which, stiall show, asymmetry happens less significant than other cases, 
The calculation method and the very rough final evaluation the effect give tise certain objections, recent 


This paper contains some the results obtained asymmetry complex compounds 
the transition metals; this study largely free the above-mentioned defects, The first confined 
the crystal field theory, ligands being considered point fons dipoles, and the central atom 
pleted shells, also restrict ourselves cases which the maximum apin the not diminished 
the complex (high-spin fonic complexes), and where the coordination number six, For such cases derive 
general calculation method and fundamental formulas (interaction electron motion with vibrations 
not 

communications shall give the obtained application the theory studies the 
physicochemical complexes, results more calculations the method, and 
applications the theory complexes with fourfold 


Our results can evidently used for studying not complex but other similar 


Qualitative Results the Methods the Group Theory 


asymmetry cen characterized qualitatively the methods the group with the the 


this theory, nonlinear configuration stable only its principal term 
tion cannot stable. follows that the real spatial configurations complexes must sought for symmetry which 
the principal electronic term not degenerate, 


know the electron the central fon and therefore the electronic term, 
can use the methods the group theory [7] find the symmetry the “crystal® ligand field leading splitting 
the electronic term such thet the principal electronic term not spin degeneration 
insignificant the cases under consideration 


Thetable shows the results obtained this method for different electron configurations central 
forming fons. Only the maximum symmetry for coordination and four given from all the possible cases, 


The table shows that for coordination number with and electron configurations, the complexes 
strictly octahedral without internal (it will remembered that here and subsequently only cases 
spin are considered), asymmetry obligatory for all other electron configurations, 


easy sce that these qualitative are for determining the real 
ment the ligands around the central fon (even with the assumption that the maximum possible symmetry, with the 
Jahn Teller taken account, given type Indicated Inthe table for par- 
ticular complex may different The true positions the ligands can found 
calculation, 


Calculation Method 


known that the adiabatic approximation the equ distances molecules ate found 
from the condition minimum total Interaction energy the system, for electron Consider 
with the central fon having electron configuration (A) the configuration sym- 
metrical closed shells) with similar ligands; let find its energy function the distance the central 


329 


: 

4 


fon the ligands, For this, the the system the 


she electrons with each other, with the shell, with the 


Possible Symmetry Complexes with the Teller Effect 


Symmetry complex 


Coordination number Coordination number 


Electron configuration 
central fon 


Cubic octahedral Tetragonal Dg, 


Suppose that, usual, the variables for the extemal and electrons the atom can separated, 
Then the approximation can the the complex function the distances 
the ligands (1) averaged for motion] the form two 


where the energy the ligands with each other with the shell, and 
the energy interaction the ligands with the elections, 


The equilibrium positions the ligands found from the conditions for the 


with the appropriate for the second derivatives. should noted that Eqs. only the 
which spherically with equal Therefore under the interaction alone the com 
plex would have symmetry with the positions the the points Ris 
which satisfy the 


with conditions for the second derivatives, 


Accordingly, Eqs. (3) can Interaction the with the shell condition 
for distribution with maximum symmetry the points for the ligands. Under the influence elec- 
tronic repulsion the electrons the deviate from the positions and this gives rise the returning force 
attraction the shell, given the first term The equilibrium positions ate therefore the positions 
the ligands which the electron repulsion forces the returning force the Since 
different ligands undergo different electrons because the character the cloud the 
latter, the deviations their actual positions from the positions maximum symmetry are also 
This gives rise internal asymmetry. 


Thus, for quantitative estimation asymmetry must first find the for the symmetrical 
part the the fon with the and for the unsymmetrical part 
ficulties, However, can represented parameters which can calculated measured 
pendently, Taking (1) account, haves 
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onty, and are the force constants, The first sum (6) the terms with 
the second sum, 


The unsymmetrical part the energy the central fon with the can 
calculated our approximation for all possible configurations 10) the fon, can 


rewrite the (1) form 
But the closed shell, which also spherically Therefore 


(including the shells with the With the can replace (2) 


Here differs from the the energy interaction the shell with the can 
count that cases high spin, such considering, all the electrons occupy distances possi- 
ble. analogously Eq. (7), haves 

E — 3 Ry) Ww’ ef") R,,). (8) 


Thus, for the can take the asymmetric part the and further 


for 
€ 


Calculation the Asymmetric Part the Energy Interaction with the 


Let calculate the energies interaction one and two with the ligands which 
express the asymmetric part the with the accordance with our 
the crystal ficld theory consider that the energy interaction with the small 


(9) 


where the effective charge the {-th fon, For configuration the state may 
mately five functions with effective nuclear charges 
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Expanding into spherical functions and the theorem for functions, can 


Brum’ F, (Ay) + Denme F, (ft) (0, 
where 


and are the Clebsh Gordan 
calculate derive, accotdance with the secular equation which this case 
equaticn the fifth order: 


| = 0, m, m’ = 2, 0, —1, —2. (13) 


possible solve this equation the general form. shall the qualitative results obtained the 
part the energy interaction with the ligands, the symmetry complex with cannot higher than tetrago- 
nal. Henceforth shall take this symmetry the starting For this many the matrix elements 
are zero, and easy obtain the following expressions for the five soots the secular equation (the symmetry 


types the corresponding electron levels are given 


Thus, the fivefold degenerate electronic term split into four levels, one which remains doubly degenerate, 
the tetragonal ligand field, 


For the principal term the free fon sevenfold degenerate, this case the seven wave 
functions which this state can represented are made the form combinations 
metric products the functions The corresponding matrix the perturbation (9) entering the seventh- 
order secular equation ere expressed through the matrix elements (11), Taking the tetragonal symmetry 
the this case too, can 
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can obtain approximate characterization asymmetry, accordance with the 
culation adopted, from the system equations (3) with substitution from (5), (14), 
and (15) for and 


Let consider complexes with Under the only the symmetrical 
(the numbering corresponds the positions 2-5, and 3-6 the ends the 
the 


These points satisfy The the equilibrium positions the ligands should 

satisfy (3). all cases the corresponding conditions must also satisfied for the second derivatives, sim- 

plify the mathematical problem shall assume that the complexes under consideration exist the stable state and 

that the distances not exceed limits, easy sce that these assumptions not restrict the gen- 

eral our results. more assumption, used below, that the tetragonal symmetry 

(the highest possible, according qualitative the methods the group between 
ievels can With these assumptions the following can 


Let test each for the minimum, With deviation the from the tetragonal arrangement the doubly 
three values and with accordance with (11) taken into account, gives equations 
for the coordinates the six ligands. These equations, first the following result all three cases}: 


Thus, the six ligands the equilibrium position remain three mutually perpendicular axes around the central 


For the six equilibrium distances there remain six equa 


Taking the derivatives and substituting into this system have 


e 
id 
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start from the level and solve the (18) for haves 


Here the levels and form the doubly term with splitting that 


distorted octahedron which any one may then the other two, 


lengths two diagonals, confine ourselves cases when fairly small comparison 
with the length the diagonal, that expanded into power serics and take only terms far 
the second may noted further that the true force constants the easily 


account, have 


the constants the long diagonal, but the difference the difference 


the ligends can regarded point dipotes, can perform the calculations for system negative 
point charges, and then for system positive point charges distances from the negative ones; then, 
small, have 


where the dipole moment the our approximation the additional splitting levels due 
nal asymmetry represented the equatioa 


Configurations and Here The negative sign reverses the sequence the 
levels the tetragonal field, that this case the lowest levels These levels aie tested 
for minimum essentially the way before, with small complication the 
found that the equilibrium the three mutually axes with angular coordinates 
Fron. the equations for the equilibrium distances haves 


Thus, this case have equilibrium with the the octshedron with one 
diagonal shorter than the other two shortencd and octahedron 
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again quantitative measure the form the between the lengths 


for ligands which ate effective and 


(nondegenerate). The lowesi these, further splitting tetragonal (doubly degenerate) 
and Big (nondegenerate). They cortespond, according Eqs. (15), and must 
tested for 

random deviation the from the positions tetragonal the split into 
two with the energies 


Any one the three levels and may the dependent the ratio the co- 
ordinates, assume that the minimum, substitution the for into (3) gives the following 
equilibrium coordinates for the 


the equilibrium configuration the ligands corresponds the vertices octahedron with the 
diagonal longer than the and diagonals octahedron), 


assume that minimal, obtain analogous with the difference that with 
mal the diagonal the longer, and with minimal the 3-6 minimal, 
finalty, with minimal the doubly degenerate term formed the levels and 


formula 


(33) 


Subszitution the for this term from (15) Into Eq. (3) gives octahedron for the 
configuration the Thus, this case there Internal asymmetry. 


absent and the complexes are again highly symmetrical without 


SUMMARY 


The equilibrium spatial configuration ligands around ceniral fon six-coordinated high-spin com- 
plexes with configurations the approximation the crystal field theory has de- 
termined have been derived for all cases whereby determine the deviations 
the ligand positions from octahedron (internal asymmetry), and formulas for additional splitting elec- 
terms due asymmetry. The results applicaticns the theory the physicocheml- 
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COVALENT METALS 


a 


Institute Chemistry, Division, Academy 
USSR 

Original article 25, 1960 


Values the metals calculated from atomic volumes and from the molecular 
metals are used calculations, they must recalculated the coordination 
which are typical for most compounds, Metal refractions can also calculated 
from covalent the metals because the proportionality atomic volumes and 
The average deviation between the results the two calculation methods 15%, possible 
compile system average values for the refractions metal atoms, These caiculation methods, 
calculations based the additivity for molecular compounds, characterize 
covalert similar bonds, can therefore termed the covalent refrac- 
for free atoms, 


The various methods structural are based comparisons experimental results 
with theoretically calculated molecular Therzfore refinement the calculation once ex- 
tends the range applications structural 


the field the problem metal refraction has been studied least, ard the purpose 
the present paper fill this 


Direct measurements the refractions metals the gaseous state known only for elements the 
subgroup (Table 1), although even these data are not reliable, because the anomatous dis- 
not such measurements and, corrections for conversion standard con- 
ditions ate The refractions metallic atoms can also found from the molecutar refractions 
metallic compounds, the additivity principle. The relevant data are also they are all presented Table 
The average values are given, and the standard deviation 20.5 Finally, quantum-mechanical cal- 
culations the electronic polarizabilities atums generally give values for atoms and are therefore 
suitable for chemical refractometry. 


1956 method for determination the refractions metals from specific gravi- 
certain crystallochemical grounds view the high refractive indices metals 


our valucs for atomic refraction are given Table for comparison, 


The agreement between the refractometric constants determined experimentally and the 
method quite However, possible objection our method for determining the refractions metal 
atoms that our constants are only for the purely metallic state and that applicability calculations 
molccular refractions requires special verification, 


general, the zone theory metals indicates that there great between metallic and covalent 
Sonds; the main difference apparently the different numbers metallic and covalent structures, 


This confirmed Pauling 17], who showed that with correction for coordination number the metallic 
clements can converted covalent with those calculated from the 
ponding molecular compounds, 


337 


- 


TABLE Refractions Metals 


TABLE Coordination Numbers Metallic Structures and Compounds 


Actinides 


Further, and Thomas found that the energy characteristics (electronegativities) atoms calculated 
frora the work functions for the metals also good agreement with the electronegativities the respective 
elements calculated from thermochemical data for compounds, 


Finally, Agafonov 1959 established direct relationship between (X) and refractions 
was found that our values for the refraction metal atoms the same straight line the atomic 
Since the latter were determined direct experiment, there doubt about validity 
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follows from all the foregoing that the additivity the volume 


call them covalent refractions, with, say, covalent and the concept atomic tefrace 
the constant for free atom 


Since the difference between atomic and covelent determined the difference 
all metals with the exception the elements 1a, and Ba, Cd, and Sn, which have sams. 


Table shows valucs characteristic the pure metals (top lines) and most chemical compounds (bottom 
lines), the case gold and platinum the letter values differ from the experimental However, 
such cases the coordination polyhedron which equivalent octahedron the 


The atomic volumes metals were recalculated for different follows, Subtraction the actual volume 
the atom fer cortesponding metallic structure from the atomic volume the metal gives the volume 
the voids free from also known that crystalline structures with 


Using these can easily calculate the change free volume with change CN, Additioa the actua 


atomic for the new coordination number gives the total volume (refraction) the metal forthe 


Refractions Metals, Equal Their Atomic Volumes 


. 


Metal 


Metal 


10,2 


Table contains final results our calculations; values and are given for Al, Ti, and Pb, 


Apart the elements mentioned and also omitted from this thete have 
the metallic state than chemical compounds, that corrections ate required for these metals either, 


There are other possible the determination covalent metals from their 
trical 


1956 Atoji found that the ratio the refraction the cube the covalent radius constant for the 
halogens, used this for finding the the mercury atom from its covalent 
tadius, also noted that this between and holds for other elements, Table the 
for some the most reliably studied elements groups VII the system, The covalent 
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: Ca 25.9 Ss 
20°8 
La 22,6 


ate taken from the above, end the are taken from the teference given 


Table shows that the values the for the second grouped 4,8, 
while the avetage value for the other elements 6.0, used these and the 
for the all metals, 


TABLE Relationship Between Refraction and Covalent 


Ele- 


The discrepancies between the data Tables and are due, the one hand, the approximate 
the equation and errors determination certain covalent and the other, partial foniza- 
tion metals their structures; this ignored, low values are obtained for atomic volumes elements 
low CN, 


However, view the fact that the average variation our determinations refraction only 15% <this 
only fraction of, even order magnitude below, the parallel calculations 
polarizabilities metals different quantum-mechanical methods (25, that permis- 
sible represent the refractions metal atoms the arithmetic averages the values found different methods, 
certain instances (W, Fe, etc.) had modify the calculation somewhat order retain the 
ations atomic tefractions the elements the table, 


The final system the covalent refractions metals given Table Comparison these values with 
the refraction increments obtained from data organometallic compounds (Table shows that the latter values are 
somewhat Jower than our constant:, This lowering does not system the original one, because 
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Group 


9,1 


use this system covalent refractions for refinement new method calculating molecu- 
lar refractions chemical compounds However, this time these values yet compete with 
the refraction increments calculated from data for organometallic compounds, 
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BRIEF COMMUNICATIONS 


CHEMICAL SHIFTS NUCLEAR MAGNETIC 
SIGNALS FLUORINE AQUEOUS SOLUTIONS CONTAINING 


Wang 


State University 
Original article eubmitted January 12, 


was shown (1-3) that the position the magnetic resonance aqueous and solutions 
depends concentration; the case dilute solutions this due changes the proportions 
the chemical shifts depend concentration and the presence other electrolytes These effects, 
which are usually considerably not very low concentrations, can only attributed fons 
with other fons, because complete. For full elucidation magnetic shielding such 
desirable extend such other objects and, particular, make comparisons with the same ef- 
fect the crystals, 


The first system was investigated but the quantitative results not must out that 
the authors that paper drew conclusion concerning the the shift the 
fon (see 


The method for measuring the chemical shifts was described All the were 
out level 4670 gauss, The reference standard was Freon but the values 
The experimental error was apptoximately 1,5 Solutions acid which react with 
were investigated polystyrene 


The plotted the figure (the represents the molar concentration fons, and 
the ordinate gives Curve shows that magnetic shielding decteases with 
(curve shows that addition chloride also diminishes magnetic the nucleus, According 
our data for the H,O system, and according the influence the resonance consists 
slight dectease This decrease did not exceed the highest used this 
Thus, both systems the decrease primarily interaction with This confirmed further the 
fact that curves and concentration which the point which only the but also the 
concentrations are The divergence the curves each side the intersection point evidently attribu- 


son for crystals with data the effects concentration this value the systems 
values for solutions tend the values for the solid salts, although general extrapolation does 
not give exact 


found that specimens glass ampoules give lower values with different dependence concentra- 
tion, This almost negligible for neutral salts (sce figure), 
The existence such was from indirect considerations, 


This shows that magnetic shiclding the nucleus 
trated solutions and solidse effected similar mechanism, 
not very low 4M, and even lower 
some cases) the chemical shifts concentration 


The sesults measurements acid solutions are shown 
same figure (curves and The Influence fons much 
less these cases than systems and curve and the 
tration, found that for both systems lies within the 
experimental attempt explain the course the curves 
Icw concentrations based the assumption that 
influence only (and not gave only 
ment with the experimental follows that there probably 


(IV). For systera measurements for 

lutions glass ampoules; measurements must pointed out that considerable broadening the 


tion about The cause this not yet. This effect 
may possibly due the exchange rate between different states this 


The author offers his sincere thanks Skripov for guidance the 
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COPPER SALTS 


ROTATION COMPLEXES 


Sclences, USSR 

Original article October 


centimeter wave band, the the hyperfine components and shatply with increase the 
magnetically complex particles the external magnetic 
structure spectra complexes solution, with variations sizes the complex parti- 
and frequency the oscillating magnetic field (3, was that the the spectra 
caused structural broadening the hyperfine not relaxation. The ratio between the 


interactiop constant not leveled out completely during the Lannor precession spin and 
the appearance unresoived structure the hyperfine One consequence this that the 
thermal motion paramagnetic can determined directly from the 
form the structure [obtained adjacent Larmor The only necessary condi- 
tion that the spectium higher these while the lower the components 


attempt was made the present make use possibility spectra 
over wide range frequenclet The object the was approximately 0.05 solu- 
tion cupfenonatecomplexes which gives easily EPR curves, The complexes have the 


chemical structure 


The solution was from the complex salt the same The shows the 
(p) the two outside are signals given the radical 
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a, 


2 


following values the effective 


2,055 2, 2,448 ~2,19 


The spectral asymmetry decreases with frequency the that 
tected, and frequency even these differences disappear (see Evidently the characteristic frequency 
found direct measurement, Direct information the second ephere come 
plexes can obtained from this the values for the same 


must point out that the variations the form the specua with frequency the 
figure are way represented the theory and are essentially that However, 
one communication the relaxational this theory confirmed the asym- 
metric hyperfine structure spectra given solution fons two the 
ting magnetic field. The probable reason for the that the with fons 


also needed give the full picture, 
LITERATURE CITED 


All periodicals the ebove bibliography ere 
cover eppears the back this 


hyperfine component (on the extreme the oscillograms) was considered, its diffuse 
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NUCLEAR RESONANCE CERTAIN AND 


Institute Compounds, Academy USSR 

Original article submitted August 15, 1960 


Data the nuclear quadrupole spectra certain bromine and fodine compounds 
for some these the NQR determined for the first time, for others the NQR spectra were elther 
determined mote precisely frequencies were temperatures not previously investigated, The 
cycle generator detector The measurements were out the temperature nitro- 


gen and room the search ranges were 140-210 and 230-320 Mc, The frequency was measured 


heterodyne wavemeter the VVT-D type. The results are giveninthe 


note that bromanil the number spectral lines remained unchanged the 
pound not undergo phase transition this temperature range. 2,6 the NQR freque 
the bond, The intensity the NQR signal drops with temperature, and the 
frequency temperature 5.67 general, the resonance frequency halogenated benzenes 
very sharply temperature; this probably due the rotation the end 


The spectrum contains about five lines, This makes investigation NQR with the supertegenerative 
spectrometer difficult, and the signal complicates the the spectrum this compound 


Literature and notes 


frequency, 
Mc® 


Substance 


0,003 resonance wave meter was used for 


0.003 


transition, 


The NQR frequency was measured precisely for the first time (at K); the two arose 
the crystallographic positions the fodine atoms, measurements 83° were 
formed with resonance wave meter which gives also contains the NQR frequency 
77° also measured for the first 


Substances which NQR signals could not detected are given Table The sbsence NQR 
was demonstrated x-ray diffraction 
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REVIEWS 


CLASSIFICATION INORGANIC CYCLIC COMPOUNDS 


Original article submitted October 1960 


Inorganic cyclic compounds are very numerous and constitute section 
try. The proposed classification includes all known inorganic cles and possible predict 
the existence new compounds this 


has become years that many other elements addition can form rings. 
pounds without cyclic compounds, have studied; however, was only 
cently pointed out that these compounds pecullar section inorganic which the 
near future, become just important the complex compounds. The this paper draw 
the attention Inorganic chemists cyclic compounds, 


several inorganic polymers have been published but both 
and high-molecular compounds wete consideted distinction between these two groups was 
for the first time where showed that Inorganic polymers may have cyctic structure (with low 
degree polymerization, such and tetramers), hich-polymer course, these two ate 
closely monocyclic compounds the lowest polymer the highest which are 
chain polymers (Table 1). 


Low and High Polymers 


our opinion, the most for cyclic compounds the the 
cyclic skeleton. This gives the first 


Monocyclic compounds with only one ring the 


Polycyclic compounds with two more cycles joined ways the structure, 


Monocyclic Compounds 


compounds can divideded into groups: 
compounds; 
true 


Homocyclic compounds have rings consisting atoms the same group, rings consisting 
silicon, germanium, nitrogen, phosphorus, arsenic, sulfur, and are known time, 
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rings formed silicon and have also been described; and 


the elements the fifth group, nitrogen, phosphorus, and arsenic form the following homocyclic 


—C,H, 
Elemental sulfur and selenium form cyclic molecules 


Heterocyclic compounds with alternation have rings which atoms two elements, and alternate: 


view the special role such alternation the formation rings, found useful segregate 


these compounds separate group, Assuming that the formed three- fourfold repetition the same 


4 

: 


Silicon forms large six-, efght-, and tings, which are known 


SiR, 


Cyclic phosphorus have been studied for long time. The following have been reported the 
phenitrile compounds and acids phosphorus sulfur rings have 


also beer reported {in the compound 
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compounds have not been the consider that the compounds 


The “ice® form sulfur trloxide consists cyclic molecules 
OS $9, 


Mass spectrum MoO, and vapors revealed cyclic and 


All these cycles have been systematic table (Table 2), which that new rings 


Oxygen rings can partially replaced the group vice versa, Such obtained 
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This greatly the possibility obtaining new 


True heterocyclic compounds have very yet, Mainly compounds sulfur have 


been reported 


TABLE Systematic Table-of the Most Rings Monocy- 
clic 


Principal element 


Only the rign given, without substituents, 


Compounds 


Poiycyctic compounds very because the various possibilities ring Polycyclic 
compounds are accoidance with the atorns common the linked 


linked rings without common atom, joined bridges: 


ees 
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with fused (condensed) rings, having two atoms Incommon, Condensed 


Low-molecular com ounds several condensed (fused) tings, for 


This group also includes {norgaric compounds the urotropin structure 
and compounds with incomplete urotropin structure and 


Heteropoly ate compounds with condensed cyclic structure 


polycyclic compounds may have one-dimensional, three-dimeasional 
structures the rings are linked one only, forming bands indefinite length: 
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two-dimensional polycyclic compounds the plane form sheet, Many silicates have 


polycyclic are silica and many the frame- 
work 


from our proposed that cyclic compounds constitute section 
organic chemistry. also follows from the ciassification that numerous new cycles are Syste- 
matic investigations this direction would very interesting their scientific and relation the 
uses inorganic cyclic compounds and thelr organic derivatives, 


SUMMARY 


Inorganic cyclic compounds constitute section inorganic 


Inorganic cyclic compounds can classified the following 


Monocyctic compounds, which are subdivided Into homocyclic, hetezocyclic with alternation 
(pseudoheterocyclic), true compounds, 


compounds, which inciude compounds with linked rings, and compounds 
with fused (condensed) rings and 
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